It  is  significant  that,  on  the  whole,  difficult  transfer 
find  their  way  to  UTC.  A  few  recent  illustrations  o 
plishment  through  engineering  ingenuity  are  show 


The  UTC  engineering  department  is  available  for  consultation  on  your  design  problem 
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transformer  was  designed  for  laboratory  apparatus  requir- 
a  frequency  range  previously  unheard  of  . . .  flat  within  2 
2  cycles  to  20,000  cycles,  this  unit  handles  25  watts  output. 


A  manufacturer  had  the  problem  of  changing  his  equipment  from  40C 
cycle  to  60  cycle  power  supply,  but  discovered  that  60  cycle  transform 
ers  are  twice  as  large.  UTC  developed  a  unit,  hermetically  sealed,  that 
fit  his  existing  chassis,  eliminating  the  need  for  a  complete  rebuilding 
of  the  equipment. 


Narrow  band  Alters  are  a  common  requirement  for  multiple  channel  tele¬ 
control  purposes.  To  effect  a  maximum  number  of  channels  in  the  audio 
range.  Alters  made  by  UTC  employ  toroid  high  Q  coils  of  unique  struc¬ 
ture.  A  typical  special  Alter  with  1 500  cycle  pass  band  is  down  40DB  at 
1400  and  1600  cycles. 


Low  power  115  volt  appliances  such  as  electric  razors,  fluorescent  desk 
lamps,  etc.  are  sometimes  required  to  operate  on  220  volts.  For  simplicity 
of  installation  in  the  application  of  one  manufacturer,  a  15  watt  plug-in 
unit  was  developed  incorporating  both  plug  and  receptacle. 


Just  as  the  Galvin 

K 

^  Manuforturing  Corp. 

did  wHh  their  new 
Motorola  Auto  Heater 


These  14  Fasteners  did  the  Trick 


To  take  full  advantage  of  the  SPEED  NUT  System  of  Fastening, 
Galvin  engineers  brought  the  "mock-up"  and  prints  of  their  new 
Motorola  Heater  to  Tinnerman  for  a  fastening  analysis  before  building 
tools  and  dies.  They  sat  right  in  with  Tinnerman  development  en¬ 
gineers  who  went  over  the  heater  part  by  part — explored  every 
possible  production  short  cut — planned  its  assembly  from  start  to  finish. 

The  final  design  of,  the  heater  was  modified  to  take  advantage 
of  standard  SPEED  NUTS  wherever  possible.  Where  standards  could 
not  be  used,  new  SPEED  NUTS  were  created  for  a  more  efficient 
assembly.  The  result  was  assembly  perfection.  Many  parts  were 
attached  with  SPEED  CLIPS  and  merely  snapped  into  position  under 
spring-tension.  Others  were  fastened  by  simply  pressing  SPEED  NUTS 
over  unthreaded  studs.  And  where  it  was  necessary  to  use  screws, 
SPEED  NUTS  made  the  attachments  simple  and  fast. 

This  engineering  service  Is  available  to  you,  too — at  no  cost.  For 
the  utmost  in  assembly  savings,  contact  our  Sales  Engineering  Depart¬ 
ment  before  you  leave  the  "mock-up"  stage.  But  in  any  event,  check 
the  SPEED  NUT  System  of  Fastening  before  you  go  into  production. 

TINNERMAN  PRODUCTS,  INC.  2106  Fulton  Road 
Cleveland  13,  Ohio 

InCanoda:  Wallace  Barnes  Co.,  Ltd.,  Hamilton,  Ontario 
In  France:  Aerocessoires  Simmonds,  S.A.,  Paris 
In  Cngland:  Simmonds  Aerocessories.  ltd.,  London 
In  Australia:  Simmonds  Aerocessories,  Pty.  Ltd.,  Melbourne 


Owr  new  Bulletin  No.  214  goos  into  detail  on  this 
Motorola  job  and  Is  available  far  the  asking.  Since 
you  may  be  able  ta  use  ta  advantage  many  af  the 
fastening  ideas  illustrated,  write  far  a  copy  today. 


Trod*  Modi  R*^  U.  S.  fol  OH- 


MORE  THAN  4000  SHAPES  AND  SINES 


FASTEST  THING  IN  FASTENINGS 
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isolate  test  rooms  in  laboratory  or  factory. 


Installed  where  the  electric  power  service  passes, 
through  the  screen,  tliese  Filleretfes  provide  high 
attenuation  from  kc  to  400  me,  thus  permit¬ 
ting  'Operaiion  ofsensitive  high-fretiuency  test 
apparatus  in  close  proximity  to  electric  production 
equipment,  welding  generators,  repulsion  motors, 
and  high-frequency  induction  healing  equipment. 


SILENTc^//?.w 


RADIO 


c/ 


SPECIFICATIONS 


1  HEAVY  DUTY  FILTERS  ’  | 

Type 

Amperes 

Volts 

Volt.  Drop 

Freq.  Range 

Weight 

Two  Wire 

100 

500 

o-c/d-c 

.2  volts 
per  cirewit 

0.15  to  400 
megacycles 

40  lbs. 

Three  Wire 

100 

500 

o-c/d-c 

.2  volts 
per  circuit 

0.15  to  400 
megacycles 

55  lbs. 

MEDIUM  DUTY  FILTER 

i  (Twe  Wire) 

We.  1137 

20 

1 1t/220  o-c 
500  d-c 

.5  volts 
per  circuit 

0.15  to  20 
megacycles 

17  lbs. 

Ne.  11U 

50 

110/220  o-c 
500  d-c 

.5  voits 
per  circuit 

0.15  to  20 
megocydes 

17  lbs. 

Wid^y  used  by  government,  college,  and  indus¬ 
trial  laboratories,  Tobe  Screen  Booth  Filters  will 
meet  your  need;  Bulletin  472  E  ,*free  on  request, 
gives  additional  data.  For  information  about  the 
complete  line  of  Tobe  Filterettes  and  Capa¬ 
citors,  ask  for  our  general  catalog. 

Our  specialists  will  advise  on  con¬ 
struction  of  screened  test  rooms 
and  on  filter  installations. 


HEAVY  DUTY  FILTER 


Mechanical  design  and  assembly  conform  to 
practical  electrical  installation  requirements. 
Outer  housings  are  of  welded  steel ;  knockouts 
at  each  end  accommodate  electrical  con¬ 
duits;  heavy,  threaded  studs  facilitate  at¬ 
tachment 'of  cable  lugs. 

These  units  employ  non-inductive,  mineral-oil  im¬ 
pregnated  capacitors;  the  inductors,  of  large  cross 
section,  have  low  series  resistance,  hence  voltage 
drop  is  negligible.  Overload  ratings  are:  150%  of 
ampere  rating  for  one  hour;  200%  of  voltage 
rating  for  one  minute. 

Tobe  Screen  Booth  Filters  are 
standard  for  the  electronics  indus¬ 
try:  there  are  sizes  for  every  re¬ 
quirement. 


W  -  , 

TOBE  DEUTSCHMANN  CANTON,  MASSACHUSETTS  I 
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Industrial 

Heating 

Communications 

Airline 

Police 

Emergency 

Broadcast 

Medical 

Diathermy 

Experimental  r-f 


EIMAC  4-7S0A  POWER  TETRODE 
Electrical  Charactaristici 
RIamant:  Tboriatad  tunqttan 

Voltage . 7.5  volt 

Currant  . . -20  amp 

Direct  Intaralactroda  capacitances  (av.) 

Orld-plata . .24  mil 

Input . 24.85  jupf 

Output  ...........  7.78  ppf 

Maximum  Ratings 

D-C  Plate  Voltage  ...  4000  max.  volts 
D-C  Plate  Currant  ...  700  max.  ma. 

Plate  Dissipation  ....  750  max.  watts 


r^lere's  a  new  Eimac  tetrode — the  power  step-up  you  have 
been  asking  to  have  added  to  the  Eimac  line. 

Capable  of  2-kw  power  output  at  4000  plate  volts,  with  less  than 
1  5  watts  of  grid  drive,  the  4-750A  opens  a  new  field  of  possibili¬ 
ties  to  designers  of  electronic  equipment.  A  pair  of  these  tet¬ 
rodes,  driven  by  low  cost,  low- power  tubes,  will  supply  more  than 
4-kw  output. 

A  potential  workhorse  for  communications  and  industrial  use, 
the  4-750A  has  the  ability  to  deliver  its  maximum  power  over  a 
wide  range  of  frequencies.  Inherent  characteristics  include  the 
familiar  attributes  of  Eimac  tetrodes — stability,  economy,  and 
dependability. 

Complete  technical  data  and  performance  characteristics  will 
soon  be  available.  Write  now  for  your  copy. 

EITEL-McCULLOUGH,  INC.,  1401  San  Mateo  Avenue 
San  Bruno,  California 


Follow  the  Leaders  to 


EXPORT  AGENTS:  PRAZAR  AND  HANSEN.  301  CLAY  STREET 
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ftTlAS  SOUND  « 
i  Equipment 

^  YOU 


BUSINESS  BRIEFS 


By  W.  W.  MacDONALD 


Marine  Radio  Equipment  should  resistor  must  be  added  to  the  heat- 
be  as  hot  as  a  stove  this  summer,  er  string),  the  difficulty  of  han- 
Mixing  business  with  pleasure  dling  pilot  lights,  and  uncertainty 
(we  have  a  subminiature  auxiliary  about  *»helf-life. 
sloop  out  on  Long  Island  Sound), 
we  took  in  the  boat  show  at  New 
York’s  Grand  Central  Palace. 

At  least  a  dozen  manufacturers  of 
ship-to-shore  phones,  d-f  equip¬ 
ment,  underwater  sounding  de¬ 
vices  and  other  electronic  navi; 
gational  instruments  exhibited 
and  interest  in  their  gear  was 
running  high. 


.\  Three-Day  Trip  to  New  Eng¬ 
land  convinces  us  that  textile  ma¬ 
chinery  manufacturers  are  pro¬ 
gressive.  Looms  in  particular  do 
not  lend  themselves  to  electronic 
control  as  readily  as  do  certain 
other  machines  but  we  did  see 
’ome  very  practical  laboratory  ap¬ 
plications  of  stroboscopes  and 
high-speed  cameras  using  the  Edg- 
erton  principle.  And  an  applica¬ 
tion  of  strain  gages  about  which 
we  can  say  no  more  at  this  writing. 


DOUILE  MEENTRANT 
PROJECTOR 

Ma«y  sIms.  From  15  in. 
air  eelana  to  i  foot  air 
celama. 


350  RADIAL. 
CHANDELIER 
PROJECTORS 


Deabl*  Raentrant.  For 
driver  units.  3  and  4 
foot  air  column  longtiis. 


Speaking  Of  The  Palace,  IRE’S 
ambitious  exhibit  there  this  month 
will  just  about  fill  two  of  the 
three  available  floors.  Originally 
planned  for  a  New  York  armory, 
the  shindig  quickly  outgrew  its 
quarters  and  is  certain  to  be 
highly  successful.  It  will  not, 
however,  be  a  sellout.  A  few  po¬ 
tential  exhibitors  were  discour¬ 
aged  by  the  higher-than-usual 
booth  cost  and  the  three-buck  ad¬ 
mission  charge  for  non-members. 
(The  Palace’s  take  must  be  consid¬ 
erable.) 


DRIVER  UNITS 

Various  Power  Handling 
Capacities.  Newest 
types  of  Indestructible 
Phenolic  Diaphragms. 


Total  Output  Capacity  of  the 
3,000-odd  electronic  induction  and 
dielectric  heating  units  in  use  in 
the  United  States  in  1946  is  es¬ 
timated  to  be  over  42,000  kw. 
These  figures  are  from  a  NEMA 
brief  recently  filed  with  the  FCC. 
The  Association  is  planning  a 
1947  survey  on  the  subject. 


BOOSTER  SPEAKERS. 
High-elRcioncy,  Weath; 
or-proof.  C  o  m  p  I  o  t  o 
with  Drivor  Unit  and 
Universal  Bracket. 


Patents  issued  to  ten  major  in¬ 
dustries  up  to  November  1946 
break  down  as  shown  in  the  fol¬ 
lowing  chart: 

THOUSANDS 
0  ,  100  ,  800 


Selenium  Rectifiers  will  replace 
notoriously  short-lived  117-volt 
tubes  in  the  majority  of  3-way 
portables  built  this  year.  Chief  automotive 
engineers  with  whom  we  have  electricity 
talked  in  the  past  month  say  chemicals 
cooler  operation  and  instant  start-  railroads 
ing  are  distinct  advantages  in  machiner 

this  type  of  receiver.  communication 

In  other  types  of  sets  such  rec-  textiles 
tifiers  are  not  expected  seriously 

PLASTICS 

to  challenge  the  tube  at  this  time  printing  and 
despite  the  fact  that  they  are  publishing 
smaller  and  deliver  more  output  metallurgy 
voltage.  They  will,  however,  be  Thg  Nat 
seen  in  a  number  of  straight  pho-  from  whom 
nographs  above  the  jitterbug-  tained,  say 
portable  class,  and  in  some  ac-dc  ^^r  includi 
consolettes,  consoles  and  even  telephony,  1 
combinations  designed  for  the  fQj.  telegra] 
medium-priced  market.  trie  signal! 

Factors  which’  at  least  tempora¬ 
rily  limit  the  acceptance  of  the  Miniatun 
ingenious  little  discs,  particularly  in  more  bi 
for  use  in  ac-dc  table-type  receiv-  year  than 
ers,  include  the  somewhat  higher  It  seems  t 
overall  cost  (when  substituted  for  few  pennii 
a  tube  in  a  5-tube  set  a  dropping  tional  type 


CONE  TYPE 
PARABOLICS  and 
CHANDELIER  RAFFLES 

for  oil  siie  coro  spoak- 
ers.  Wooden  and  Metal 
Cone  Speaker  Eaclos- 
■res,  BafRes,  Carrying 
Cases,  Load  Speaker 
Snpport  Stands  and 
Brackets. 


MICROPHONE 
SUPPORT  STANDS 

20  types  and  sites.  All 
Fittings,  Adapters  and 
Accessories.  Floor 
Stands,  Desk  Stands, 
Banquet  Stands,  Room 
Stands. 


Write  for  New  iilas- 
trated  Catalog  Sheafs 


CORPORATION 

1449  39tl>  St.,  Brooklyn  18,  N.  Y. 
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are  beginning  to  realize  that  while 
concentration  on  the  half-dozen 
applications  having  top-drawer 
market  acceptance  may  not  be  ro¬ 
mantic  the  volume  pays  the  rent. 


Airplane  Crashes  have  made  the 
flying  public  jittery,  even  though 
few  scheduled  American  flights 
are  involved.  Aviation’s  current 
headache  may  be  a  boon  to  elec¬ 
tronics,  speeding  international  ac¬ 
ceptance  of  PICAO  recommenda¬ 
tions  (p  80,  Feb.).  Members  of 
Congress  are  exercising  their 
vocal  chords  about  other  safety 
devices.  And  we  note  with  satis¬ 
faction  that  a  large  airline  has 
just  bragged  in  the  newspapers 
that  soon  all  its  ships  will  have 
radio  altimeters. 


1946  Receiver  Production  is  es¬ 
timated  at  15,000,000  by  RMA.  The 
following  tabulation  does  not  add 
up  to  that  because  the  Associa¬ 
tion’s  report  service  did  not  get 
into  full  swing  until  several 

months  had  elapsed  but  it  does 
shed  light  on  the  relative  impor¬ 
tance  of  various  receiver  types; 

PRIVATE 

TYPE  BRAND  FACTORY 

Eleetrie 

Table  (under 
112.50  bUUnf 

price)  _ ”...  436,091  1,841,572 

TaDle  (oTcr  812.50 
bllUng  price) 

AM  .  1,065,150  4,940,088 

AM-FM  .  18,174 

FM  (Including 

converters)  .  2,527 

Consoles 

AM .  28,644  89,865 

AM-FM  .  851  89,182 

Table  Radio-Phonos 

AM  .  139,278  1,076,629 

AM-FM  .  22 

Console 

Radlo-Pbonos 

AM  .  104,161  501,089 

AM-FM  .  2.494  123,235 

Battery 

Portable  AC-DC..  105,338  917,851 

Table  .  201,12.1  503,586 

Consoles  .  3  647 

Auto  .  1,109,508  48,950 

Televiaion 

Converters . 

Radio  Table 

Models  .  5,070 

Radio  Consoles 

Direct  viewing .  1,844 

Proje^on  .  10 

Radio  Phonos 

Direct  viewing..  1  . 

Projection  .  51 

Phonographs 

Phono  only.......  228,886  234,468 

With  radio 

attachment  _  82,706  428,656 

total  .  3,494,240  10.974,401 


Ingenuity'  and  skill  in  applying  sound  engineering  principles 
and  combining  them. with  modern  streamlined  styling  have 
made  Turner  the  top  name  in  microphones.  Whatever  your 
need  for  accurate  pickup  and  true  life  reproduction  of 
voice  or  music  there’s  a  Microphone  by  Turner  to  do  the  job. 

THE  TURNER  MODEL  211  BROADCAST  QUALITY  DYNAMIC 

Engineered  for  the  critical  user  w^ho  is  satisfied  only  by  finest 
reproduction,  the  Turner  Model  211  Dynamic  utilizes  an 
improved  magnet  structure  and  acoustic  network.  The  high 
frequency  range  is  extended  and  the  extreme  lows  raised 
2  to  4  decibels.  A  specially  designed  precision  diaphragm 
results  in  extremely  low  harmonic  and  phase  distortion  with¬ 
out  sacrifice  of  high  output  level.  Very  sensitive  to  variations 
in  tone  and  volume,  its  accurate  pickup  and  smooth  response 
is  free  from  peaks  or  holes  from  30  to  10,000  c.p.s.  Ideal 
for  both  voice  and  music,  the  Turner  211  is  recommended 
for  quality  recording,  sound  system,  public  address,  and 
remote  control  broadcast  work.  It  may  be  used  with  utmost 
confidence  indoors  or  out,  in  any  climate  or  temperature. 

SPECIFICATIONS: 


•  Output  Lovh  54  db  below  1  volt ''dyne/  sq.  cm.  at  high  impedance. 

•  ftetpons*:  Substantially  flat  within  ±5db  from  30  to  12,000  c.p.s. 

•  Impedance;  50  ohms,  200  ohms,  500  ohms,  high  impedance. 

•  Diroetivity:  Semi-directional.  Non-directional  when  tilted  full  90®. 

•  Case;  Salt-shaker  type  in  rich  satin  chrome  finish. 

9  Cable:  20  ft.  shielded  heavy  duty  2-conductor  removable  cable  set. 
9  Stand  Coupler:  Standard  %’-27  thread. 


Ask  your  dealor  for  details  or  write 


THE  TURNER  COMPANY 


We  Heard  A  Speech  the  other 
night  that  somehow  tickled  us, 
right  from  the  start.  It  began: 
“Members  of  the  youngest  profes¬ 
sion . 


905  17th  Street  N.  E.,  Cedar  Rapids,  Iowa 


LICENSED  UNDER  U.  S.  PATENTS  OF  THE  AMERICAN  TELEPHONE  AND  TELEGRAPH  COMPANY 
AND  WESTERN  ELECTRIC  COMPANY,  INCORPORATED 
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(contlnMd) 


l.ow-Cost  MagBBetic 
Recordiiag  with 
Brush  Paper  Tape  and 
Magnetic  Heads 


e  Low-cost  magnetic  recording-reproducing  components  developed  by 
the  pioneer  and  leader  in  this  field  open  a  new  world  of  listening 
pleasure.  Simply  constructed  erasing,  recording  and  reproducing  heads 
offer  "hum-bucking"  characteristics.  When  required  the  cartridge 
alone  (pole  piece  and  coil  unit)  may  be  supplied  for  incorporation 
into  manufacturers'  own  head  structure. 


Easy  to  Handle 
Extremely  low-cost 
Con  be  edited  .  .  .  spliced 
Greater  dynamic  range 
Minimum  wear  on  heads 


Excellent  high  frequency  re¬ 
production  at  slow  speed 
Permanent— excellent  repro¬ 
duction  for  several  thousand 
play-backs 


These  latest  develop 
ments  in  magnetic 
recording  equipment 
con^now  be  obtained 
lor  radio  combinations 
and  other  uses.  Write 
today  for  further 
information. 


The  Brash  Development  Co. 

3405  Perkins  Avenue  •  Cleveland  14,  Ohio 


i'- 


included,  manufacturers  can 
sometimes  get  quicker  deliver  on 
them.  And  at  least  one  tube  maker 
appears  Willing  to  cut  profit  corn¬ 
ers  in  order  to  support  mass  pro¬ 
duction. 

Annupl  Profit  of  eight  indus¬ 
tries,  expressed  as  a  percentage  of 
investment  by  RMA  excise  tax 
committeeman  Joe  Gerl  (Sonora) 
is  as  follows: 

Toilet  articles  16.52  percent, 
Automobiles  and  trucks  15.72,  Me¬ 
chanical  refrigerators  13.99,  Oil 
7.03,  Firearms,  5.60,  Tires  5.28, 
Electricity-  4.81,  Radio  receivers 
2.67. 

Figures  are  an  average  based  on 
the  four-year  period  ending  De¬ 
cember  31,  1938. 

power  Companies  may  prove  to 
be  powerful  allies  in  the  promo¬ 
tion  of  television,  because  the  re¬ 
ceivers  build  attractive  load. 
Judging  from  what  utilities  have 
done  in  the  past  to  promote  cer¬ 
tain  electrical  appliances,  their 
help  could  be  considerable. 

Commonwealth  Edison  of  Chi¬ 
cago  says  it  looks  like  the  average 
television  receiver  wijl  consume 
280  watts.  Deducting  load  loss 
due  to  the  fact  that  a  radio  would 
probably  not  be  used  at  the  same 
time  (deduction  for  loss  of  light¬ 
ing  load  is  not  necessary  since 
modern  television  receivers  oper¬ 
ate  in  a  normally  lighted  room) 
the  net  load  is  215  watts.  Assum¬ 
ing  that  the  average  television  re¬ 
ceiver  will  be  in  use  3.4  hours  in 
24,  each  one  would  use  731  watts 
per  day. 

Antenna  Tower  Steel  is  still 
short  but  fabricators  expect  the 
situation  to  ease  up  somewhat  this 
month.  Light  towers  should  soon 
.be  available  30  to  60  days  after 
placement  of  orders,  heavy  ones 
in  60  to  90  days. 

Insulators  and  wire,  rather  than 
steel,  are  holding  up  deliveries  in 
some  instances. 

Embarrassment  Of  Riches 
plagues  high-frequency  heating. 
So  many  things  can  be  done  with 
it  in  industry  and  elsewhere  that 
engineers  are  tempted  to  take  a 
whack  at  all  of  them  at  once. 

The  smart  boys  in  management 
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CROSS _ 

TALK 


►  GUIDES  .  .  .  The  transition  of  microwaves  from 
military  to  civilian  roles  brings  up  the  important  mat¬ 
ter  of  waveguide  dimensions.  During  the  war,  the 
Army-Navy  R-F  Cable  Coordinating  Committee  estab¬ 
lished  eight  standard  sizes  of  guide.  This  diversity  was 
necessary  because  each  size  is  operable  over  a  fre¬ 
quency  range  of  less  than  two-to-one,  whereas  the 
microwave  spectrum  extends  over  a  range  of  15-to-l. 
Three  sizes  of  guide  came  into  most  widespread  use, 
covering  the  important  radar  bands  at  3000,  10,000  and 
30,000  me.  But  the  civilian  spectrum  is  not  so  localized. 
Since  the  FCC  has  assigned  important  services 
throughout  the  microwave  region,  coordination  is 
needed  to  assure  that  the  bands  assigned  to  the  most- 
used  services  shall  be  contained  within  the  coverage  of 
particular  sizes  of  guide.  Unfortunately  this  is  not  the 
case.  As  Moreno  has  pointed  out  (Electronics,  p  100, 
May  1946)  several  of  the  fixed-mobile  non-government 
microwave  bands  can  be  served  only  if  two  sizes  of 
guide  are  provided  for  each  service.  When  one  consid¬ 
ers  the  complication  of  providing  two  sizes  of  guide, 
with  all  the  joints  and  fittings  that  go  with  them,  for 
a  single  line  of  equipment,  it  would  appear  wise  to  con¬ 
sider  either  reassigning  bands  in  line  with  standard 
waveguide  sizes,  or  alternately,  standardizing  the 
wave-guide  sizes  in  terms  of  assigned  services.  So  far 
as  we  have  been  able  to  discover,  there  is  no  industry 
or  scientific  group  working  on  the  problem.  IRE,  ASA, 
RMA?  Who  carries  the  ball? 

^SERENDIPITY  .  .  .  Irving  Langmuir,  discussing 
the  recent  production  of  man-made  snow  by  dropping 
dry-ice  pellets  through  clouds,  reveals  that  the  discov¬ 
ery  was  an  unlooked-for  bonus  in  a  routine  investiga¬ 
tion.  He  blamed  the  good  fortune  on  “serendipity”,  a 
word  coined  by  Walpole  to  mean  the  gift  of  finding 
valuable  or  agreeable  things  not  sought  for.  The  his¬ 
tory  of  all  science,  and  particularly  of  electronic  sci¬ 
ence,  is  studded  with  such  serendipitous  occasions.  The 
gift  is  not  arbitrarily  bestowed.  It  comes  to  those  who 


follow  the  “procedure  of  the  10  per  cent”,  a  program 
first  brought  to  our  attention  by  C.  J.  LeBel :  a  device 
(or  technique)  may  be  radically  improved  either  by 
radical  redesign,  or  merely  by  improving  every  part 
(or  procedure)  by  10  percent.  It  is  on  those  who  con¬ 
scientiously  seek  the  10  percent  that  the  goddess  of 
serendipity  most  often  smiles. 

►  VETERANS  . . .  Among  the  hundreds  of  thousands 
of  soldiers  and  sailors  trained  in  electronics  during 
the  war,  many  sustained  wounds  and  injuries.  They, 
it  seems  to  us,  deserve  first  consideration  in  plants 
and  laboratories  which  can  use  their  skills.  The  Vet¬ 
erans  Administration,  listed  under  U.  S.  Government 
in  your  phone  book,  can  put  you  in  touch  with  quali¬ 
fied  applicants,  will  provide  funds  for  on-the-job 
training.  Recortls  show  that  the  handicapped  worker 
meets  the  competition  of  his  able-bodied  neighbor  in 
production,  outdoes  him  in  loyalty  to  the  job. 

►  TOO  MANY  .  .  .  The  use  of  television  as  an  indus¬ 
trial  tool  is  coming  into  the  news,  but  it’s  not  all  good 
news.  We  hear,  for  example,  that  television  is  being 
used  to  monitor  the  water  level  in  the  boilers  of  a 
power-generating  station.  Without  inquiring  into  the 
merits  of  this  particular  case,  we  are  impelled  to  ask: 
Is  this  necessary?  The  simplest  television  system  we 
know  of  (Block  III)  uses  55  tubes  in  a  single  trans¬ 
mitter  and  receiver.  Simple  telemetering  systems,  fully 
capable  of  monitoring  water  level  or  any  other  single¬ 
valued  quantity,  employ  a  lot  fewer  than  55  tubes,  or 
no  tubes  at  all.  Television  has  plenty  of  uses  in  indus¬ 
try,  as  a  substitute  for  the  human  eye,  but  not  as  a 
substitute  for  a  meter,  or  even  a  dozen  meters.  The 
cause  of  electronics  in  industry  is  not  served  by  such 
over-engineered  applications.  The  simpler  the  circuit 
and  the  fewer  the  tubes,  consistent  with  necessary  per¬ 
formance,  the  better.  And  if  a  job  can  be  done  well 
without  tubes  (we  admit  to  a  few  of  these),  that’s  the 
way  to  do  it. 
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. . .  and  just  try  to 
work  this  terminal 
loose  ! 


March,  1947  —  ELECTRONICS 


Although  only  recently  developed  and  placed  on  the 
market,  this  lever  action  switch  is  in  big  demand.  No 
wonder!  It  is  ideally  suited  to  intercommunications, 
centralized  radio,  sound  distribution  and  public  address 
equipment.  It  gives  you  a  choice  of  positive  indexing 
or  spring  return.  It  is  as  dependable  as  the  leaf  spring 
telephone  type  switch,  yet  available  at  much  lower  cost. 

Consider  some  of  the  other  "plus”  features  that  set  this 
switch  apart:  Self-holding  terminals  of  exclusive  design 
are  securely  clinched  to  the  stator  without  rivets  or  eye¬ 
lets  (just  try  to  pull  them  loose!).  All  terminals,  contacts 
and  ground  rings  are  silver  plated  for  low  contact  resis¬ 
tance.  Constant  tension  of  rotor  contact  members  pro¬ 
vides  a  dependable,  self-cleaning  action.  Insulation  is  of 
the  highest-grade  phenolic. 

Positive  indexing  types  of  this  switch  have  48  standard 
circuit  combinations,  24  shorting  and  24  positive  non¬ 


shorting.  Spring  return  types  have  17  standard  shorting 
and  17  positive  non-shorting  circuit  combinations.  Write 
for  engineering  data  folder  or  see  your  nearest  Mallory 
distributor. 


***«•  2^  lO  MOUMTMO  cvatm 


Send  for  Engineering  Data  Folder 

TLr  Enninrrrin);  Data  Folder  for  the  new  Mallor>  Lever  Action  Switch 
containa  complete  apecilication*,  available  circuit  combinationa  with 
reapective  terminal  locations,  dimensional  drawings — everything  the 
engineer  needs  to  assist  in  selection  of  the  partic- 
H  iilar  Mallory  Lever  Action  Switch  to  best  handle 
the  application. 
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k  New,  Better  LEVER  ACTION  SWITCH ! 
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Television  Advances 

Color  V8  black-and-white  contest  sharpens  as  industry  demonstrates  competing  equipment 
at  hearing.  New  monochrome  equipment  shows  great  increases  in  brightness  and  con¬ 
trast.  “Mixed  highs’’  technique  for  simultaneous  color  system  revealed 


For  the  first  time  in  its  Ioiik 
history  of  adjudicating  the 
standards  and  allocations  of  tele¬ 
vision,  The  Federal  Communica¬ 
tions  Commission  recently  brought 
ope'rating  equipment  into  the  court 
room  for  a  first-hand  check  on  the 
claims  of  conflicting  systems.  The 
occasion  was  a  three-day  session  at 
the  District  Court  House  in  New 
York,  and  at  the  RCA  Laboratories 
in  Princeton,  during  which  black- 
and-white  and  color  systems  were 
demonstrated  while  technical  meas¬ 
urements  of  the  brightness  and 
resolution  of  the  images  and  their 
ability  to  withstand  external  light, 
were  made  by  engineers. 

The  major  issues  under  discus¬ 
sion  have  already  been  treated  in 
these  pages’’  *.  The  Columbia  Broad¬ 
casting  System  has  petitioned  for 
immediate  commercialization  of 
their  sequential  color  system,  while 
the  opposition  has  argued  that  this" 
system  cannot  at  present  offer  the 
same  service  as  the  existing  black- 
and-white  system.  In  particular,  the 
Radio  Corporation  of  America  has 
urged  that  the  simultaneous  system 
of  color  is  preferable  to  the  sequen¬ 
tial  system,  since  it  can  be  inte¬ 
grated  with  the  present  black  and 
white  standards,  thus  avoiding  ob¬ 
solescence  of  equipment  now  being 
sold  to  the  public.  The  demonstra¬ 
tions  were  intended  to  illustrate 
both  sides  of  the  controversy. 

Swqucntiol  Color  Syttoms 

During  the  first  day  of  the  dem¬ 
onstration,  CBS  and  Bendix  showed 
sequential  color  receivers  of  iden¬ 
tical  internal  design,  picking  up 
both  live  and  film  programs  from 
the  CBS  transmitter  about  two 
miles  away.  It  was  shown  that  these 


pictures  (on  ten-inch  tubes,  magni¬ 
fied  optically  to  12-inch  size)  had  a 
highlight  brightness  of  10  to  20 
foot-lamberts,  and  that  they  had 
high  resistance  to  external  illumi¬ 
nation  because  of  the  protection  af¬ 
forded  by  the  rotating  filter  disk. 
On  the  second  day  of  the  session, 
DuMont  Co.  showed  black-and-white 
pictures  on  a  comparative  basis. 
Three  sets  having  12,  15  and  20- 
inch  tubes  •  with  aluminum-backed 
phosphors,  and  operating  at  about 
20,000  volts,  were  shown.  The  high¬ 
light  brightness  of  the  12-inch  tube 
was  measured  at  500  foot-lamberts 
and  on  one  occasion  as  high  as  750. 


A  neutral-gray  optical  filter,  admit¬ 
ting  about  9  percent  of  the  light 
and  matching  the  average  transmis¬ 
sion  of  the  color  disks,  was  placed 
before  the  monochrome  images  and 
the  protection  against  ambient  il- 
lumjnation,  similar  to  that  of  the 
color  receivers,  was  demonstrated. 

At  Princeton,  RCA  demonstrated 
its  simultaneous  color  system,  pro¬ 
ducing  a  15-by-20-inch  picture  of 
about  5  foot-lamberts  ’highlight 
brightness.  The  interchangeability 
of  the  simultaneous  system  with 
the  present  black-and-white  stand¬ 
ards  was  demonstrated  by  receiv¬ 
ing  the  commercial  monochrome 
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FIG.  1 — By  transmitting  all  tine  detail  of  the  image  through  the  green  channel. 
RCA  mixed-highs  system  reduces  bandwidth  requirements  oi  simultaneous  systein 
by  2mc.  achieves  effect  of  black  plate  in  color  printing. 
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unita.  as  Peter  Goldmark  (at  left  of  woman  court  reporter)  testiiies 


NBC  transmissions  from  New  York 
on  the  color  receivers,  and  (by  the 
use  of  an  r-f  converter)  receiving 
the  color  transmissions  in  mono¬ 
chrome  on  standard  production 
model  monochrome  receivers.  The 
channel  width  employed  by  RCA 
was  14.5  me,  as  compared  with  16 
me  for  the  CBS  system. 

''Mixed-Highs'*  System 

Following  this  a  new  proposal  for 
transmitting  color  images  on  a  still 
narrower  bandwidth  was  revealed, 
the  so-called  “mixed-highs”  system. 
As  shown  in  Fig.  1,  the  high  video 
frequencies  produced  by  the  three 
color  chains  are  separated  and  com¬ 
bined,  then  transmitted  over  the 
green  r-f  channel,  which  has  full 
bandwidth.  The  red  and  blue  chan¬ 


ts 


FIG.  2 — Proisetion  system  oi  new  Philco 
rsceiver,  shown  at  Princeton  ior  first  time. 
The  directional  reflector  confines  light  to 
•ye  level,  thus  increasing  brightness  and 
contrast  four  times  over  comparable  proiec- 
tion  units 

electronics  — More*.  T947 


nels  transmit  only  the  low-fre¬ 
quency  components.  As  a  result, 
the  fine  detail  of  the  image,  repro¬ 
duced  by  the  high  frequencies,  is 
reproduced  in  shades  of  gray,' 
whereas  the  broad  areas  of  the  im¬ 
age  (larger  than  Ath  to  Jth-inch 
on  a  15  by  20-inch  screen)  are  re¬ 
produced  by  the  low  frequencies  of  > 
the  three  channels  in  their  respec¬ 
tive  colors.  This  technique  is  very 
similar  to  that  employed  in  color 
printing,  in  which  the  detail  of  the 
image  is  carried  by  a  fourth  plate, 
the  so-called  black-printer,  which 
carries  black  ink  and  reproduces  the 
detail  in  shades  of  gray,  over  three 
primary  colors  imprinted  by  three 
other  plates. 

The  system  permits  a  525-line 
color  image  to  be  transmitted  over  a 
12.5-mc  channel,  while  still  preserv¬ 
ing  conformity  of  the  green  channel 
with  the  black-and-white  standards, 
so  that  the  green  image  may  be  re¬ 
ceived  in  monochrome  on  existing 
receivers.  According  to  E.  W.  Eng- 
strom,  who  conducted  the  demon¬ 
stration,  no  difference  between  the 
images  of  the  normal  simultaneous 
system  and  the  mixed-highs  sys¬ 
tem  can  be  seen  at  a  viewing  dis¬ 
tance  greater  than  four  times  the 
picture  height.  No  difference  was 
noted  by  the  viewers  when  the  im¬ 
age  was  switched  from  one  system 
to  the  other. 

Curved  Viewing  Screen 

The  final  demonstration  at 
Princeton  was  something  of  a  sen¬ 
sation,  the  first  public  showing  of 
the  long-rumored  Philco  projection 


black-and-white  receiver,  shown 
schematically  in  Fig.  2.  A  full  pro¬ 
gram  of  live-talent,  remote  pick-up, 
and  film  programs  transmitted  by 
NBC  in  New  York  was  reproduced 
for  the  Commission,  press  and  other 
witnesses.  This  receiver  produced  a 
15  by  20-inch  picture,  from  a  four- 
inch  projection  tube  and  Schmidt 
optical  system,  arranged  within  the 
cabinet  to  fit  into  a  minimum  of 
space.  The  picture  had  about  4 
times  the  brightness  of  similar  pro¬ 
jection  pictures  previously  shown 
and  displayed  a  vast  increase  in 
contrast  and  resistance  to  external 
light.  The  picture  was  viewed  com¬ 
fortably  with  sun  streaming  in  the 
windows. 

The  secret  of  this  receiver  is  the 
use  of  a  directional  viewing  screen, 
consisting  of  a  coating  of  unan¬ 
nounced  composition  on  a  curved 
aluminum  back.  This  screen  con¬ 
fines  the  reflected  light  to  a  small 
angle,  measured  in  the  vertical 
plane,  while  permitting  it  to  spread 
over  a  range  of  perhaps  100  degrees 
in  the  horizontal  direction.  Thus 
many  viewers  around  the  set,  seated 
with  their  eyes  at  screen  level  re¬ 
ceive  an  equally  bright  picture,  but 
little  light  is  lost  in  the  direction 
of  the  floor  and  the  ceiling.  The 
screen  action  also  prevents  external 
light  from  being  reflected  into  the 
eyes  of  the  observers  and  thus  pre¬ 
serves  high  contrast  even  when  the 
ambient  light  is  very  high. — D.G.F. 
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Many  worthwhile  applications 
of  dielectric  heating  are  im¬ 
practical  at  the  present  time  be¬ 
cause  of  limitations  in  heating 
speed  imposed  by  the  necessity  for 
use  of  radio-frequency  power  at 
conventional  frequencies.  Frequen¬ 
cies  in  the  microwave  region  offer 
possible  future  solution  to  these 
types  of  applications  if  means  can 
be  found  for  generating  sufficient 
power  on  a  continuous  rather  than 
pulse  basis.  The  purpose  of  this 
paper  is  to  look  into  the  future  of 
microwaves  and  expose  insofar  as 
possible  at  this  time  the  techniques 
that  appear  to  be  rational  for  in¬ 
dustrial  heating  applications. 

The  only  microwave  tubes  in 
large-scale  production  at  present 
are  resonant-cavity  magnetrons  for 
pulsed  operation.  Though  they 
give  peak  power  outputs  of  a  mega¬ 
watt  or  more,  the  average  power  is 
seldom  over  1  kw,  which  is  just 
on  the  verge  of  being  useful  for 
heating  purposes.  Furthermore, 
pulsed  operation  is  seldom  useful 
for  heating,  as  the  work  piece  is 
subject  to  large  voltages  during  the 
operating  time  and  must  be  suita¬ 
bly  arranged  to  prevent  breakdown. 

The  two  tubes  which  show  the 
greatest  promise  for  future  work  in 
dielectric  heating  are  the  split- 
anode  magnetron  and  the  resna- 
tron.  The  split-anode  magnetron 
will  develop  10  kw  continuously 
with  an  efficiency  of  50  percent  at 


wavelengths  of  40  to  90  cm ;  though 
there  is  no  production  of  this  tube 
at  present,  it  could  be  made  if  the 
need  arose. 

The  resnatron  type  of  tube  is  the 
only  source  available  in  the  50-kw 
range.  It  is  a  beam-type  tetrode 
which  can  be  used  either  as  an 
amplifier  or  oscillator  at  wave¬ 
lengths  of  10  to  100  cm,  with  con¬ 
tinuous  operation  at  an  efficiency  of 
25  to  60  percent.  It  was  put  into 
small-scale  production  by  Westing- 
house,  some  twenty  tubes  having 
been  made. 

Assuming  a  suitable  source  of 
r-f  power,  the  problems  of  making 
this  power  available  for  dielectric 
heating  differ  considerably  from 
those  commonly  encountered  with 
conventional  frequencies,  it  is  no 
longer  possible  to  use  the  ordinary 
open-wire  transmission  line  to  con¬ 
vey  the  power  from  the  source  to 
the  work,  due  to  the  excessive  loss 
by  radiation  from  such  a  line  at 
microwave  frequencies. 

Coaxial  type  transmission  lines 
are  satisfactory  for  wavelengths  as 
low  as  10  centimeters  or  less  under 
certain  conditions,  but  at  wave¬ 
lengths  around  10  cm  and  some¬ 
times  up  to  60  cm  or  above  it  be¬ 
comes  of  material  advantage  to  use 
waveguides  for  the  transmission  of 
power. 

The  problems  of  impedance 
matching  in  waveguides  are  similar 
to  those  for  coaxial  lines.  Variable- 


length  stubs  may  be  used,  ^d  there 
are  many  ways  of  terminating  a 
waveguide  so  that  no  reflection  will 
occur  from  the  termination. 

If  the  load  to  be  matched  is  con¬ 
stant,  a  fixed  diaphragm  may  be 
soldered  into  the  guide  at  the  cor- 
•  rect  place  to  effect  a  match.  If  the 
load  is  constantly  changing,  then 
one  must  have  a  continuously  ad¬ 
justable  matcher,  such  as  a  two- 
stub  tuner. 

Textile  Applications 

In.  many  industries  we  have  di¬ 
electric  heating  problems  involving 
the  drying,  curing,  or  setting  of 
resins  or  glues  in  continuous  proc¬ 
esses.  Take  the  textile  industry  as 
an  example.  They  dry  cloth  after 
dyeing,  both  in  bulk  and  on  a  con¬ 
tinuous  basis.  Printed  fabric  re¬ 
quires  a  rapid  drying  cycle  for  the 
dyes  and  inks  used.  In  the  paper 
industry  we  also  encounter  drying 
of  the  material  on  a  continuous 
sheet  basis  at  high  speed. 

At  conventional  frequencies  where 
power  in  sufficient  quantity  may  be 
available  to  accomplish  the  drying 
of  paper  and  textiles  we  are  still 
limited  by  the  inability  to  get  that 
power  into  the  work.  The  amount 
of  power  transferred  into  the  work, 
once  frequency  is  set,  varies  with 
the  square  of  the  voltage  across  the 
electrodes.  Actually,  power  is  pro¬ 
portional  to  the  product  of  fre¬ 
quency,  loss  factor,  and  the  square 
of  the  voltage. 

For  thin  materials  such  as  paper 
and  cloth  it  is  impossible  to  apply 
sufficient  voltage  across  the  elec¬ 
trodes  at  conventional  frequencies, 
as  flashover  between  the  electrodes 
takes  place  long  before  any  appre¬ 
ciable  amount  of  power  is  coupled 
into  the  dielectric  work  material. 
The  answer  obviously  is  to  use  a 
much  higher  frequency. 

Figure  lA  illustrates  how  a  cav¬ 
ity  resonator  might  easily  be  used 
to  put  power  into  rapidly  moving 
thin  sheet  material.  We  have  a  di¬ 
electric  field  of  uniform  character 
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Suggested  metliods  of  utilizing  waveguides  for  applying  microwave  energy  to  moving  or 
stationary  wires  and  threads,  sheets,  or  irregularly-shaped  objects  to  achieve  uniform 
dielectric  heating,  and  survey  of  tubes  offering  possibilities  for  continuous  operation 
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only  in  one  dimension,  in  the  plane 
of  the  E  field  which  is  a  maximum 
at  the  center  of  the  cavity  or  guide. 
By  passing  the  material  through 
slots  at  the  top  and  bottom  of  the 
cavity  we  subject'  it  to  the  strong 
dielectric  field,  but  because  of  the 
standing  wave  effect  along  the 
length  of  the  cavity  the  material 
will  be  heated  unevenly  if  passed 
straight  through  the  cavity.  By 
making  the  entry  and  exit  points  a 
half-wavelength  apart  we  obtain  a 
condition  w’hich  insures  uniform 
heating  as  the  material  passes 
through  the  cavity. 

Heating  Sheets  of  Material 

It  is  easy  to  picture  this  method 
of  coupling  microwave  power  as  be¬ 
ing  used  to  perform  many  commer¬ 
cial  heating  jobs,  including  the 
bonding  and  drying  of  wallboard 
materials,  floor  covering  materials 
such  as  linoleum,  and  plastic-bonded 
cork  materials.  Continuous  curing 
of  sheet  rubber,  plastics,  and  syn¬ 
thetic  materials  and  production  of 
plyw’ood  on  a  continuous  basis  are 
still  other  likely  applications. 


It  may  be  possible  and  in  some 
cases  desirable  to  heat  sheet  mate¬ 
rial  as  shown  in  Fig.  IB.  Here  the 
microwave  or  radar  antenna  is  put 
to  work  as  a  means  of  coupling  en¬ 
ergy  into  a  material  to  be  heated. 
An  outstanding  property  of  micro- 
waves  is  this  ability  to  concentrate 
them  into  a  narrow  pencil-like  beam 
by  means  of  a  reasonable  antenna' 
structure.  A  so-called  bedspring  an¬ 
tenna  designed  to  have  uniform  dis¬ 
tribution  of  field  can  be  used  to 
heat  large  sheet  material.  The 
shape  of  such  an  antenna  is  flexible 
to  a  degree  and  therefore  lends  it¬ 
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self  to  the  efficient  heating  of  vari¬ 
ous  widths  and  shapes  of  material. 

Drying  Applications 

If  we  turn  from  sheet  material  to 
such  items  as  wire  and  thread  we 
again  find  innumerable  problems 
where  microwaves  may  be  applied. 
Textiles  such  as  rayon  and  nylon 
must  be  cured,  dried,  and  the  twist 
set.  Rubber  thread  material,  both 
synthetic  and  pyre  Latex,  must  be 
cured.  Many  insulating  coatings 
on  wire,  either  rubber,  synthetic,  or 
enamel,  must  be  dried  or  cured.  All 
of  these  operations  must  be  accom- 


FIG.  2 — Fire  methods  to  transferring  microwave  energy  from 
or  thread  for  dielectric  heating 


a  waveguide 


STRIP  material 
CAVITY 


‘-WAVBGUIOC  WITH 
(A)  MATCHING  STUBS 


1 — Running  continuous  strip  material  through  a  resonant  cavity  at  an  angle  as  at  A  gives  uniform  dielectric  heating.  At  B  is 
shown  one  possible  method  of  using  a  radar  bedspring  antenna  for  dielectric  heating  of  moving  material 
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FIG.  6 — Method  of  curing  automobile  tire  by  means  of  micro- 
waTe  energy 
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FIG.  5 — A  method  of  concentrating  microwaye  energy  at  a 
narrow  joint  by  means  of  a  flexible  waveguide  is  illustrated 
at  A.  and  use  of  a  divergent  toper  at  the  waveguide  aperture 
for  spreading  the  heating  energy  is  shown  at  B 
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as  the  vinylidene  chloride  mate¬ 
rials.  Here  again  conventional  fre¬ 
quencies  are  relatively  slow  and 
microwave  energy  properly  applied 
may  be  the  answer.  By  concentrat¬ 
ing  extremely  high  frequencies  it 
may  be  possible  to  bond  such  sheet 
materials  at  an  unbelievable  rate 
with  rather  simple  handling  equip¬ 
ment.  By  making  use  of  presently 
available  flexible  waveguide  mate¬ 
rial,  such  a  bonding  operation  could 
be  made  semiportable.  Figure  5  il¬ 
lustrates  two  such  possibilities  of 
the  future  where  concentration  of 
power  is  desired  or  when  larger 
surfaces  must  be  bonded. 

Curing  Rubber 

The  rubber  industry  is  also  a 
large  user  of  r-f  power  at  conven¬ 
tional  frequencies.  Many  produc¬ 
tion  problems  in  this  industry,  how¬ 
ever,  await  solution  by  the  use  of 
higher  frequencies.  Being  a  very 
poor  thermal  conductor,  rubber 
lends  itself  naturally  to  dielectric 
heating.  Where  speed  and  quality 
are  of  prime  importance,  r-f  energy 
supplies  the  answer.  Probably  one 
of  the  most  desired  places  for  qual¬ 
ity  in  a  rubber  product  is  the  tire 
we  put  on  our  own  automobile. 
Radio-frequency  curing  of  rubber 
in  that  tire  could  give  that  extra 
something  we  are  all  looking  for  in 
a  tire.  Microwave  energy  may 
again  be  the  final  answer,  and  Fig. 
6  illustrates  one  possible  method 
for  accomplishing  such  a  produc¬ 
tion  problem.  The  field  distribution 
within  a  cavity  is  put  to  advantage 


to  assist  in  a  uniform  Heating  and  distribution  found  in  a  cavity  reso- 
therefore  uniform  curing  job.  nator  it  may  just  be  possible  that  a 

suitable  combination  of  frequency, 
cavity  size,  food  stuffs,  and  proper 

The  largest  industry  of  them  all,  orientation  of  the  food  in  the  field 
the  food  industry,  is  just  becoming  of  the  cavity  would  give  a  means  of 
conscious  of  the  potential  advan- ,  accomplishfhg  the  desired  result, 
tages  offered  by  r-f  heating.  The 
sterilization,  blanching,  and  cook¬ 
ing  of  foodstuffs  are  all  possible 
applications  for  r-f  energy.  Recent 
development  work  indicates  that 
very  large  advances  in  quality  may 
be  possible  in  the  future  by  using 
r-f  energy  for  blanching  and  steril¬ 
izing.  These  same  developments  in¬ 
dicate  the  need  for  higher  frequen¬ 
cies  in  the  microwave  region  to 
produce  the  desired  results  at  the 
volume  and  speed  normally  used  in 
processing  foods. 

The  future  is  sure  to  bring  pres¬ 
sure  on  the  electronic  industry  for 
equipment  to  process  all  types  of 
foodstuffs.  This  pressure  will  be¬ 
come  apparent  as  the  food  technolo¬ 
gists  progress  in  their  present 
studies  of  r-f  blanching  and  steril¬ 
ization. 

Many  other  applications  will  pre¬ 
sent  themselves  in  the  food  indus¬ 
try.  For  example,  much  speculation 
on  the  cooking  of  various  foods  has 
stimulated  the  imagination  and 
even  brought  forth  the  desire  to 
rapidly  defrost  and  cook  a  plate 
full  of  frozen  meat,  potatoes,  and 
vegetables.  Unequal  heating  of  the 
various  foodstuffs  when  subjected 
to  an  r-f  field  makes  this  problem 
impractical  at  conventional  fre¬ 
quencies.  By  using  the  unequal  field 


Food  Industry  Applications 


Conclusions 


Throughout  this  paper  it  has 
been  the  attempt  to  show  the  pres¬ 
ent  techniques  of  generating  and 
handling  microwave  energy  and 
speculate  on  how  these  known  tech¬ 
niques  might  be  applied  to  indus¬ 
trial  heating  problems.  Some  of 
the  suggested  methods  of  use  may 
appear  somewhat  fantastic,  but  it 
is  believed  that  the  principles  in¬ 
volved  are  fundamentally  sound. 
Therefore,  the  ideas  presented 
should  serve  to  stimulate  thought 
and  development. 

It  must  be  clearly  recognized  that 
this  paper  is  in  the  nature  of  an  ex¬ 
ploratory  trip  into  the  future  and  is 
not  intended  to  indicate  that  pres¬ 
ent  techniques  utilizing  presently 
available  frequencies  will  in  any 
sense  have  to  be  completely  re¬ 
placed. 

It  is  more  necessary  that  the 
heating  development  engineer  study 
the  use  of  microwave  energy  in  in¬ 
dustry  and  thereby  create  a  de¬ 
mand,  a  big  demand  for  high  power 
at  microwave  frequencies.  If  this 
demand  is  sound  the  tube  develop¬ 
ment  engineer  will  have  incentive 
to  create  what  is  needed,  and  micro- 
wave  techniques  in  industry  will  be¬ 
come  a  reality. 
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heating  rates  could  be  obtained. 
The  answer  again  will  probably  be 
microwave  energy,  possibly  applied 
as  shown  in  Fig.  4 A.  Jet  molding 
on  an  automatic  basis  could  easily 
become  one  of  the  faster  means  of 
molding  thermosetting  material. 

The  problem  of  preheating  mold¬ 
ing  material  is  one  of  uniform  heat¬ 
ing.  Because  of  the  uneven  field 
distribution  in  a  guide  or  cavity, 
special  means  are  necessary  to  pro¬ 
vide  a  uniform  field  for  uniform 
heating.  Figures  4B,  4C,  4D,  and 
4E  illustrate  possible  ways  of  ob¬ 
taining  this  uniform  field.  Figure 
4B  shows  two  electrode  plates  with 
strap  tuning  inductance  so  placed 
in  a  guide  that  the  inductance 
straps  couple  to  the  magnetic  or  H 
field.  Figure  4C  shows  the  elec¬ 
trode  as  a  part  of  a  quarter-wave- 
length  antenna  located  within  a 
cavity.  Similarly,  Fig.  4D  suggests 
adjusting  the  thickness  of  the  cav¬ 
ity  in  the  E  field  dimension  to  suit 
the  thickness  of  material,  the  ma¬ 
terial  being  confined  to  only  the 
central  part  of  the  guide.  The  re¬ 
moval  of  energy  from  a  guide  to 
apply  it  to  external  electrodes  can 
be  accomplished  by  coupling  at  two 


plished  by  heat  applied  at  high 
speed.  Again,  with  conventional 
frequencies  it  has  been  impossible 
to  couple  energy  into  such  materials 
at  a  rate  suitable  for  production 
requirements. 

Such  production  problems  may 
some  day  be  solved  by  microwave 
energy  applied  as  shown  in  Fig.  2A 
and  2B.  Here  we  have  a  long  cav¬ 
ity  through  the  center  of  which  we 
can  pass  the  wire  or  thread  that  is 
to  be  heated.  The  possibilities  of 
sqch  an  arrangement  are  easily 
visualized.  Energy  transfer  of  such 
a  system  may  be  rather  inefficient, 
in  which  case  the  arrangement 
shown  in  Fig.  2C,  2D,  or 

2E  may  become  more  practical. 
These  same  means  of  increasing 
coupling  efficiency  could  be  applied 
to  sheet  material.  • 

In  the  lumber  industry  we  find 
many  problems  of  gluing  waiting 
for  solution  by  dielectric  heating. 


points  a  half  wavelength  apart  and 
selecting  proper  odd  quarter-wave¬ 
length  leads  as  shown  in  Fig.  4E. 

Microwave  energy  piped  to  num¬ 
erous  press  positions  from  one  cen¬ 
tral  generator  may  be  the  future 
answer  to  many  a  molder’s  present 
problems.  A  central  generator  sup¬ 
plying  many  operating  positions,  as 
in  Fig.  4F,  has  not  proved  too  satis¬ 
factory  at  conventional  frequencies 
because  of  the  many  switching, 
matching,  and  voltage  problems  en¬ 
countered.  The  ease  with  which 
any  degree  of  energy  desired  can 
be  removed  from  a  waveguide 
makes  such  problems  as  voltage  and 
switching  simple.  There  is  still  the 
problem  of  suitable  match  of  the 
guide  to  the  generator,  but  here 
again  the  problem  is  actually  sim¬ 
plified  by  the  relatively  simple 
means, we  have  of  obtaining  adjust¬ 
able  capacitance  and  inductance  at 
microwave  frequencies  as  compared 
with  the  limitations  of  lumped  im¬ 
pedances  at  conventional  fre¬ 
quencies. 

In  the  field  of  plastic  and  syn¬ 
thetic  materials  there  is  the  rap¬ 
idly  growing  demand  for  bonding 
or  sewing  of  sheet  material  such 


FIG.  3 — Arrangement  of  woreguide  with 
radioting  holei  for  ipot-tacking  of  glue 
line  eimultoneouely  at  many  points  in 

edge-glued  lumber 

Spot  gluing  and  edge  gluing  could 
be  accomplished  readily  by  the  con¬ 
centrated  fields  made  possible 
through  the  use  of  openings  in 
waveguide  structures.  Holes  in 
waveguide  structures  would  apply 
concentrated  fields  to  the  glue  line 
as  illustrated  in  Fig.  3.  The  contin¬ 
uous  bonding  of  plywood  by  a 
method  similar  to  either  Fig.  lA  or 
Fig.  IB  would  make  possible  a  proc¬ 
ess  which  to  date  has  not  been  tack¬ 
led  because  of  the  major  difficulties 
encountered  by  conventional  press 
designs  and  curing  methods. 

Preheating  Plastics 

The  plastics  industry  is  now  a 
big  user  of  r-f  energy  for  preheat¬ 
ing  material  prior  to  molding.  Con¬ 
ventional  frequencies  adequately 
supply  the  heating  rates  normally 
used  for  hand-fed  press  operation. 
High-speed  automatic  operation 
could  now  use  r-f  energy  to  advan¬ 
tage,  however,  if  sufficiently  fast 
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FIG.  4 — Suggested  methods  of  utilizing  microwave  energy  in  molding  of  plastics 
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Wideband  frequency-modulation  equipment  operating  on  1,350  me  handles  black-and- 
white  video  signals.  Equipment  is  equally  useful  for  intercity  multiple  link  or  studio-to- 
transmitter  work.  Heterodyne  modulation  and  remodulation  are  employed 


Several  characteristic  features 
of  the  equipment  will  be  apparent 
from  the  foregoing  discussion. 
Most  important  is  the  elimination 
of  all  video  amplifiers  except  the 
simple  ones  at  the  transmitting  and 
receiving  terminals.  Next  is  the 
provision  for  wideband  deviation 
and  amplification.  A  third  feature 
is  the  use  of  heterodyne  modulation 


and  remodulation,  which  provides 
for  faithful  frequency  conversion 
without  demodulation  to  video  fre¬ 
quencies  or  to  an  amplitude-modu¬ 
lated  signal.  Other  important  cir¬ 
cuits  which  will  be  discussed  herein 
include  the  following: 

(1)  Design  of  i-f  amplifiers  for. 
good  phase  response. 

(2)  Use  of  sync-tip  afe  circuits 


.with  a  frequency-modulated  carrier. 

(3)  Use  of  constant-impedance 
coupling  networks  between  chassis 
units. 

(4)  Novel  circuitry  for  i-f  ampli¬ 
fier  design. 

(5)  Novel  design  of  r-f  hetero¬ 
dyne  mixer  stage. 


Transmitter  Cirenits 


The  various  transmitter  compo¬ 
nents  are  described  in  the  order  of 
their  use  in  a  studio-to-transmitter 
link.  The  video  amplifier,  which  is 
conventional,  includes  an  input 
cable  impedance-matching  resistor, 
a  gain  control  (for  adjusting  devi¬ 
ation),  and  a  push-pull  video  am¬ 
plifier  having  a  gain  of  10.  With  1 
volt  peak-to-peak  input,  the  ampli¬ 
fier  output  tubes  will  deliver  7.5 
volts  in  each  plate  circuit.  These 
signals,  of  opposite  polarity,  are  ap¬ 
plied  to  the  repellers  of  a  pair  of 


FIG.  1 — Block  diagram  of  studio-to-transmitter  link  equipment,  showing  video  trans¬ 
mitter,  at  the  left,  receiver  at  the  right,  and  the  radio  path  between  them 


I 
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FIG.  2 — Diagram  oi  1,315-mc  television  relay  system.  Transmitting  terminal  block  at  the  left  and  receiving  terminal  block  at  the 
right  are  similar  to  the  units  in  the  studio-tronsmitter  equipment  diagrammed  in  Fig.  1 
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verier,  from  which  is  derived  an 
r-f  output  signal  whose  frequency 
is  the  sum  of  the  frequencies  of  the 
two  input  signals,  i.e.,  a  signal  in 
the  1,350-mc  region  having  an  out¬ 
put  spectrum  20-mc  wide.  The  r-f 
output  is  radiated  from  a  48-inch 
parabolic  reflector  antenna  system. 
For  convenience  of  installation  and 
portability,  flexible  cable  is  used  to 
connect  the  antennas  to  both  the 
transmitter  and  receiver. 

The  receiver  is  a  superhetero¬ 
dyne  using  a  crystal  mixer,  a  veloc¬ 
ity-modulated  local  oscillator  tube, 
an  i-f  amplifier  having  a  pass  band 
greater  than  from  65  to  85  me,  a 
discriminator  and  video  amplifier, 
and  an  afe  circuit  for  controlling 
the  local  oscillator. 

Figure  2  is  the  repeater  station 
diagram.  Here,  in  comparison  with 
the  receiver  of  the  studio-to-trans- 
mitter-link,  the  discriminator  of 
Fig.  1  has  been  replaced  by  an  i-f 
converter  and  a  crystal-controlled 
amplifier.  The  r-f  carrier  oscilla¬ 
tor  for  the  transmitter  is  also  used 
as  a  local  oscillator  for  the  receiver. 


By  WILSON  BOOTHROYD 

Profect  Engineer,  Research  Divition 
Philoo  Corporation 
Philadelphia,  Pa. 


OUR  ENGINEERS  have  recently 
completed  and  tested  a  radio 
relay  system  suitable  for  the  trans¬ 
mission  of  black-and-white  televi¬ 
sion  signals.  The  basic  aim  of  the 
project  was  to  provide  equipment 
for  intercity  multiple-link  radio  re¬ 
laying,  and  to  develop  similar  equip¬ 
ment  suitable  for  studio-to-trans- 
mitter  or  remote  pickup  relaying. 
The  present  equipment  operates  in 
the  1,350-mc  band  and  consists  of 
two  basic  combinations  of  compo¬ 
nents,  outlined  in  the  block  dia¬ 
grams  of  Fig.  1  and  2. 

Figure  1  is  a  block  diagram  of 
the  studio-to-transmitter  link.  A 
composite  television  signal  (video) 
of  one  volt  peak-to-peak  value,  with 
the  synchronizing  signal  negative, 
is  required  at  the  input.  This  in¬ 
put  signal  is  applied  to  a  deviator 
unit,  which  amplifies  the  video  sig¬ 
nal  and  uses  it  to  deviate  oppositely 
a  pair  of  reflex  klystron  microwave 
oscillators.  The  output  signals  from 
these  oscillators  are  mixed  in  a 
crystal  to  produce  a  difference  fre¬ 
quency. 


The  difference  frequency  consti¬ 
tutes  an  f-m  signal  in  the  115-mc 
region.  The  peak  input  signal,  cor¬ 
responding  to  the  voltage  difference 
between  the  tip  of  the  synchroniz¬ 
ing  signal  and  the  peak  white  of 
the  video  signal,  will  cause  a  swing 
of  13  me  in  the  difference  fre¬ 
quency.  The  difference  frequency 
corresponding  to  the  synchronizing 
pulse  peak  is  established  at  107  me. 
The  minimum  difference  frequency 
of  the  microwave  oscillators  is  con¬ 
trolled  by  an  afe  circuit,  so  that  the 
sync  pulse  is  transmitted  at  a  con¬ 
stant  frequency,  regardless  of  pic¬ 
ture  content. 

The  difference-frequency  signal 
is  amplified  in  a  wideband  i-f  am¬ 
plifier  having  a  pass  band  from  105 
to  125  me.  The  output  signal  from 
this  i-f  amplifier  and  an  r-f  carrier 
are  applied  to  a  pair  of  output  tubes 
which  serve  as  a  heterodyne  con- 
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their  screen  voltages.  Then  grid 
currents  may  be  successively  me¬ 
tered  while  a  sweep-frequency  sig¬ 
nal  is  applied  to  the  amplifier  for 
alignment. 

The  afc  and  a  monitor  are  in¬ 
cluded  in  the  i-f  chassis.  The  dis¬ 
criminator  on  this  chassis  is  un¬ 
usual  in  that  it  is  tuned  for  an  un- 
symmetrical  response,  as  shown  in 
Fig.  6A,  having  no  output  at  107 
me  and  a  linear  characteristic  for 
frequencies  from  105  me  to  119  me. 
This  response  curve  is  desirable  for 
two  purposes.  First,  for  afc  pur¬ 
poses,  the  discriminator  output  is 
d-c  coupled  to  a  1N34  crystal  which 
is  poled  as  shown  in  Fig.  6B  to 
pass  only  signals  of  positive  poten¬ 
tial.  If  the  i-f  signal  is  within  the 
proper  frequency  region  of  the  spec¬ 
trum,  the  crystal  will  pick  off  only 
the  peaks  of  the  sync  pulses.  These 
sync  pulse  peaks  are  then  amplified, 
detected,  and  applied  as  d-c  bias  to 
a  6SJ7  d-c  amplifier.  This  amplifier 
is  operated  between  such  potentials 
that  its  plate  voltage  is  at  the  proper 
potential  for  the  repeller  of  one  of 
oscillator  tubes  of  the  deviator. 

A  variable  resistor  in  the  ampli¬ 
fier  cathode  is  used  to  obtain  the 
initial  adjustment.  The  circuit  op¬ 
erates  in  such  a  manner  that,  should 
the  frequency  difference  of  the  two 
deviator  oscillators  at  the  time  of 
the  sync  pulse  be  other  than  normal, 
more  or  less  sync  pulse  will  be 
picked  off  from  the  discriminator 
circuit  and  used  to  provide  a  cor¬ 
recting  voltage  for  application  to 
the  grid  circuit  of  the  d-c  amplifier 
to  modify  the  frequency  of  one  of 
the  oscillators  by  repeller  tuning. 
Both  the  amplifiers  in  the  afc  cir¬ 
cuit  are  operated  at  high  gain,  so 
that  drift  will  be  negligible,  and 
hence  the  intermediate  frequency 
will  be  held  constant  within  the 
limit  of  accuracy  of  the  discrim¬ 
inator  tuning. 

The  second  function  of  the  un¬ 
usual  discriminator  curve  is  to  pro¬ 
vide  a  means  of  monitoring  the 
deviation.  When  the  deviation  is 
normal,  the  video  signal  viewed  at 
the  monitor  output  point  will  show 
slight  saturation  of  the  peak  white 
signal  when  viewed  on  a  standard 
oscilloscope.  This  is  caused  by  the 
frequency  corresponding  to  the 


negative  peak  of  the  discriminator 
curve.  If  deviation  is  subnormal 
there  will  be  no  saturation,  or  if 
overnormal  the  saturation  of  the 
peak  white  signals  will  be  severe. 
Since  this  circuit  is  only  a  monitor 
circuit  and  is  not  a  part  of  the  sig¬ 
nal  amplifier,  there  will  be  no  dis¬ 
tortion  of  the  output  signal  even 
with  saturation  in  the  monitor 
channel. 

R-F  Power  Amplifier 

The  power  amplifier  terminates 
in  the  circuit  of  Fig.  7,  which  shows 
the  heart  of  the  transmitter,  the  r-f 
heterodyne  output  stage.  The  final 
stage  of  the  i-f  amplifier  is  an  829B 
tube,  with  the  output  coupled  by 
susceptance  into  the  single-sided 
circuit  which  drives  the  output 
stage  grids. 

The  output  stage  consists  of  a 
cavity  resonator  housing  a  pair  of 
2C39  tubes.  The  main  body  of  the 


cavity  is  a  cylinder  with  its  axis 
perpendicular  to  the  grid  plane.  The 
grid  plane,  insulated  from  the  cav¬ 
ity  shell,  is  supported  in  the  equator 
of  the  cavity  and  contacts  the  out¬ 
put  tube  grids,  thus  forming  sepa¬ 
rate  plate  and  cathode  cavities  with¬ 
in  the  main  shell.  The  cathode  cav¬ 
ity  includes  transmission  lines 
whereby  the  filament  connections 
are  made,  each  line  being  tunable 
by  means  of  capacitance  adjust 
ments.  The  cathode  cavity  is  e^ 
cited  by  a  carrier-frequency  signil 
from  the  oscillator  and  buffer  stages 
in  the  second  order  TEoi,*  mode,  in 
such  a  way  that  an  equipotential 
plane  extends  between  the  two 
tubes. 

The  grid  plane  is  effectively 
grounded  at  the  carrier  frequency 
by  a  pair  of  open-circuited  quarter- 
wave  lines  which  are  tuned  by 
means  of  polystyrene  slugs.  These 
lines  also  form  the  principal  me- 


FIG.  4 — Preamplifier  output,  and  power  amplifier  input  connections 


FIG.  5 — Transmitter,  i-f  amplifier  response  curre 
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2K28  oscillator'  tubes  to  deviate 
these  tubes  oppositely  and  thus  in¬ 
crease  their  frequency  difference 
compared  to  their  frequency  differ¬ 
ence  during  the  peak  of  the  sync 
pulse. 

Corfventional  a-.c  coupling  from 
the  video  amplifier  to  the  oscillator 
repellers  is  unsatisfactory,  because 
it  would  permit  the  drifting  of  the 
frequency  which  corresponds  to  the 
peak  of  the  sync  pulse,  with  changes 
in  picture  signal  content.  Hence 
leveling  diodes  are  employed  across 
the  coupling  resistors  so  that  the 
repeller  voltage  (and  hence  the  os¬ 
cillator  frequency)  during  the  sync 
pulse  is  determined  by  d-c  bias.  By 
this  means  the  sync  pulse  is  always 
transmitted  at  the  same  i-f  fre¬ 
quency.  This  makes  possible  the 
type  of  automatic  frequency  control 
described  below,  as  well  as  other  ad¬ 
vantages. 

In  order  to  obtain  linear  devia¬ 
tion  of  the  oscillator  frequency  over 
an  adequate  range,  without  requir¬ 
ing  excessive  voltage  swing,  the  os¬ 
cillators  are  loaded  by  short  trans¬ 
mission  lines  which  are  coupled  to 
the  oscillators  and  serve  as  dissipa¬ 
tive  elements  to  broaden  the  oscil¬ 
lator  frequency  characteristic.  Fig¬ 
ure  3  shows  the  typical  curve  of  one 
of  the  oscillator  stages  under  vari¬ 
ous  load  conditions,  as  well  as  the 
construction  of  the  dissipative  lines. 

The  microwave  oscillator  output 
signals  from  the  deviator  are  mixed 
in  an  untuned  mixer  assembly 


mounted  on  the  i-f  preamplifier. 
The  first  four  stages  are  conven¬ 
tional  single-tuned  stages  whose 
frequencies  and  Q  values  are  as 
prescribed  by  the  overall  amplifier 
pole  diagram  to  be  described.  To 
change  from  a  single-sided  ampli¬ 
fier  to  a  push-pull  stage,  susceptance 
coupling,  using  a  capacitive  suscep¬ 
tance  in  one  arm  and  an  inductive 
susceptance  in  the  other,  is  used. 
This  simple  coupling  arrangement 
has  been  found  to  give  good  per¬ 
formance. 

Because  the  i-f  preamplifier  and 
power  amplifier  were  constructed  on 
separate  chassis  units,  the  preampli¬ 
fier  output  circuits  were  so  designed 
that  variations  in  distributed  ca¬ 
pacitance  across  the  power  ampli¬ 
fier  input  terminals  may  be  easily 
tuned  out.  Figure  4  shows  the 
preamplifier  output  and  power  am¬ 
plifier  input  circuits.  The  power 
amplifier  consists  of  two  stages  of 
push-pull  amplifiers  terminating  in 
a  single-ended  connection  for  driv¬ 
ing  the  grids  of  the  tubes  in  the 
output  cavity  resonator.  To  obtain 
maximum  mutual  conductance, 
these  i-f  amplifier  tubes  are  oper¬ 
ated  from  a  200-volt  supply  at  max¬ 
imum  current.  The  transition  from 
push-pull  to  single-ended  output  is 
again  accomplished  by  susceptance 
coupling. 

The  i-f  amplifier  (including  both 
preamplifier  and  power  stages)  con¬ 
sists  of  a  number  of  single  and 
double-tuned  circuits  whose  reso¬ 


nant  frequencies  and  Q  values  are 
arnanged  in  accordance  with  the 
polar  diagram  of  Fig.  5.  As  shown, 
the  tuned  circuits  are  symmetri¬ 
cally  disposed  about  the  axes,  and 
produce  the  indicated  amplifier  re¬ 
sponse,  This  amplifier  was  designed 
for  best  phase  response  with  pairs 
of  poles  assigned  to  appropriate 
stages.  Each  amplifier  in  the  system 
was  designed  for  optimum  phase  re¬ 
sponse  and  good  amplitude  response, 
consistent  with  efficient  use  of  avail¬ 
able  tubes.  Additional  poles  re¬ 
quired  by  the  r-f  and  antenna  cir¬ 
cuits  are  tuned  to  center  frequency 
and  made  adequately  broad.  To 
facilitate  alignment  of  the  115-mc 
power  amplifier,  all  stages  are  de¬ 
signed  so  as  to  permit  lowering  of 


LOOPi  INCH  IN  CAVITY 
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REPELLER  VOLTAGE 

(NEGATIVE  WITH  RESPECT  TO  CATHODE) 


FIG.  3 — Typical  reflex  kylstron  oscillator 
tuning  response  with  various  degrees  of 
loading 
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cause  of  the  simplicity  of  the  layout 
and  the  ease  of  alignment  and  serv¬ 
icing.  This  amplifier  has  a  mean 
gain  per  stage  of  about  2.7  and  is 
so  simple  in  construction  that  its 
coils  can  be  preadjusted  on  a  Q- 
meter  before  installation. 

As  tubes  may  be  replaced  with¬ 
out  retuning,  the  circuits  are  effec¬ 
tively  fixed-tuned.  The  amplifier  op¬ 
erates  effectively  on  an  r-f  input  of 
approximately  95  db  below  1  watt, 
although  its  normal  operating  range 
is  at  a  much  higher  level.  The  re¬ 
ceiving  output  is  1  volt  peak-to-peak 
across  70  ohms  (corresponding  to 
the  input  level).  Thus  the  output 
signal  corresponds  in  all  respects 
to  the  input  signal. 

The  i-f  frequency  bands  are  se¬ 
lected  primarily  for  their  adaptabil¬ 
ity  to  the  double  superheterodyne 
amplifier  of  the  repeater  station.  An 
input  signal  (from  a  previous 
transmitter)  is  heterodyned  against 
an  r-f  oscillator  signal  to  obtain  a 
75-mc  i-f  signal.  This  is  amplified 
in  an  amplifier  identical  to  that  of 
the  receiver  and  fed  to  an  interme¬ 
diate  converter,  where  it  is  again 
heterodyned  against  a  crystal-con¬ 
trolled  190-mc  signal  to  produce  a 
115-mc  signal.  Again  a  115-mc  am¬ 
plifier  identical  to  that  of  the  trans¬ 
mitter  is  used  to  drive  another  out¬ 
put  stage.  By  maintaining  a  differ¬ 
ence  between  the  r-f  input  and  out¬ 
put  frequencies  equal  to  the  differ¬ 
ence  between  the  i-f  frequencies, 
and  by  transposing  the  local  oscil¬ 
lator  frequency  from  below  the  in¬ 
coming  signal  to  above  the  incoming 
signal  on  alternate  repeaters,  a 
minimum  number  of  amplifier  de¬ 
signs  are  required.  In  repeater  sta¬ 
tions,  either  the  afc  is  locked  on  the 
incoming  carrier,  or  else  stabilized 
oscillators  are  used. 


Operating  Characteristics 

The  system  described  has  no  op¬ 
erating  controls  other  than  an  in¬ 
itial  deviation  adjusting  control.  In 
fact,  no  additional  controls  have 
been  found  necessary  because  of  the 
inclusion  in  the  equipment  of  am¬ 
plifiers  of  adequate  bandwidth. 
With  a  d-c  maximum  carrier  swing 
of  13  me,  only  the  first-order  side¬ 
bands  of  the  f-m  signal  are  trans¬ 
mitted  when  they  occur  at  the  limits 
of  carrier  swing.  At  the  high  devia¬ 
tion  ratio  employed,  this  condition 


SYSTEM  PERFORMANCE 


Transmitter  Power  (20  watts) .  -f-1 3.0  db 

Transmitter  Cable  Loss  (30  Ft  of  RG-17/U  cable) .  —  1.5  db 

Space  Loss  (31  miles,  one  4-ft  and  one  8-ft  parabolic  an¬ 
tenna  with  65  percent  antenna  efficiency) .  —76.5  db 

Receiver  Cable  Loss  (120  Ft  of  RG-17/U  cable) .  —  6.5  db 

Signal  Level .  — 71.5db 

Crystal  Convenion  Lou  (this  figure  is  6  db  below  minimum 

due  to  the  bandwidth  and  impedances  of  oystal  circuits) .  —  1 0  db 

Receiver  Noise  Level .  —125  db 

Crystal  Noise  Factor .  6  db 


-119  db  -81.5  db 


RFS/N  Ratio .  37.5  db 

Improvement  Due  to  Wideband  F-M .  -f-1 2  db 


Effective  S/N  Ratio  (RMS) .  -f49.5  db 


For  a  television  signal: 

Ratio  of  Peak  Signal  Voltage  to  RMS  Noise  Voltage .  -i-58.5  db 

Further  Improvemenb: 

(Use  of  two  8-ft  antennas  instead  of  one  8-ft  and  one 

4-ft  antenna) . . .  +  6.0  db 

(Elimination  of  RG-17/U  cables) .  -f-  8.0  db 


Max  S/N  Ratio . . .  72.5  db 


is  satisfactory.  The  amplitude  re¬ 
sponse  is  controlled  throughout  the 
system,  while  special  attention 
has  been  paid  to  the  phase  response 
of  the  amplifiers.  For  single  link 
pickups  a  signal-to-noise  ratio  of  50 
db  is  obtainable  at  a  range  of  30 
miles  provided  that  no  more  than  a 
reasonable  length  of  flexible  an¬ 
tenna  cable  is  used.  System  per¬ 
formance  data  is  given  in  an  ac¬ 
companying  table. 

The  performance  of  the  system 
in  the  presence  of  multipath  sig¬ 
nals  is  also  good.  Under  test  condi¬ 
tions,  with  signal  levels  below  nor¬ 
mal  levels,  unique  patterns  resem¬ 
bling  grained  wood  patterns  may  be 


observed,  in  which  the  change  of 
picture  shading  due  to  the  echo  will 
be  related  to  the  frequency  shift  of 
the  carrier  during  the  time  inter¬ 
val  equal  to  the  difference  in  the 
propagation  times  over  the  two  sig¬ 
nal  paths.  The  change  of  shading  is 
most  pronounced  following  a  sharp 
signal  change  in  the  picture  pat¬ 
tern.  Under  normal  operating  con¬ 
ditions,  but  in  the  presence  of  an 
echo  signal  of  approximately  5  per¬ 
cent  of  the  strength  of  the  principal 
signal,  essentially  complete  sup¬ 
pression  of  the  echo  is  achieved  and 
performance  is  superior  to  that  of 
an  amplitude-modulated  system  un¬ 
der  equivalent  conditions. 
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chanical  support  for  the  grid  plane. 
The  grid  plane  is  excited  at  the  i-f 
frequency.  Contact  from  the  i-f 
final  amplifier  to  the  grid  plane  is 
provided  by  a  rod  which  lies  in  the 
equipotential  plane  within  the  cav¬ 
ity.  The  capacitance  of  the  grid 
plane  is  resonated  with  the  induc¬ 
tor  L,  which  is  actually  within  the 
cavity,  jthe  d-c  lead  being  brought 
out  through  a  feed-through  bypass 
capacitor.  Thus  the  cathodes  of  the 
output  tubes  are  driven  in  push-pull 
1;^  a  balanced  r-f  carrier  signal, 
while  the  grids  are  driven  in 
parallel  by  the  frequency-modulated 
i-f  signal.  High-level  signals  are 
applied  to  both  cathode  and  grid 
circuits,  and  the  tubes  are  biased 
by  grid  current  to  approximately 
three  times  normal,  cutoff. 

The  plate  cavity  is  tuned  by  slug 
tuners  to  either  the  sum  or  the  dif¬ 
ference  frequency  of  the  two  input 
signals.  The  r-f  output,  comprising 
a  frequency-modulated  carrier  hav¬ 
ing  a  deviation  equal  in  megacycles 
to  that  of  the  i-f  signal,  is  obtained 
through  a  coupling  loop.  The  output 


cavity  is  loaded  to  a  bandwidth  in 
excess  of  20  megacycles.  Normal  op¬ 
erating  conditions  for  this  stage  are 
approximately  as  follows:  B  volt¬ 
age,  700  volts;  plate  current  0.060 
amp  per  tube;  grid  bias,  30  volts 
(due  equally  to  carrier  and  i-f 
drive)  ;  carrier  frequency  approxi¬ 
mately  1,240  me;  i-f  drive  fre¬ 
quency,  105  to  125  me;  output  fre¬ 
quency,  1,345  to  1,365  me;  power 
output,  in  excess  of  25  watts;  car¬ 
rier-frequency  output  (without  ad¬ 


ditional  filters),  about  35  db  below 
output  signal. 

Receiver  Circuit 

The  receiver  circuits  (Fig.  1) 
are  all  conventional  or  similar  to 
those  of  the  transmitter,  except  that 
the  i-f  amplifier  consists  of  12  stag¬ 
ger-tuned  stages.  Its  polar  diagram 
is  shown  in  Fig.  8.  Additional  poles 
are  required  for  input  and  output 
coupling  networks.  Single-tuned 
stages  were  used  throughout  be- 
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FIG.  7 — Heterodyne  r-f  output  etage  of  the  television  relay  equipment,  including 
part  of  the  preceding  i-f  amplifier 


PRODUCTION  TESTING 


Power  with  which  to  operate  instruments  at  any  one  of  21  calibration  speeds  is  obtained 
from  a  tuning-fork  oscillator,  electronic  amplifiers,  synchronous  motors  and  unique  elec¬ 
tromagnetic  generators.  Remote  control  of  test  frequencies  is  available  to  each  operator 


By  HERBERT  F.  STORM 

Control  Engineering  Division 
Oeneral  Electric  Co. 
Schenectady,  If.  Y. 


The  purpose  of  aircraft  tachom-  cation  of  electrical  telemetering 
eters  .is  to  .indicate  the  rota-  techniques, 
tional  speed  of  the  engines.  The  re-  The  telemetering  system  usually 
moteness  of  the  engines  from  the  consists  of  a  synchronous,  three- 
instrument  panel  generally  makes  phase  generator  which  is  mounted 
mechanical  means  of  transmission  on  and  driven  directly  by  the  air- 

impractical  and  calls  for  the  appli-  craft  engine,  and  a  synchronous 


three-phase  motor  located  in  the  in¬ 
dicator  instrument  on  the  instru¬ 
ment  board  and  energized  by  the 
tachometer  generator.*'  *  The  in¬ 
strument  motor  rotates  an  assembly 
of  permanent  magnets  which  pro¬ 
duce  an  electromagnetic  torque  in 
an  aluminum  alloy  disc.  The  disc  is 
displaced  by  the  electromagnetic 
torque  against  the  restraining 
torque  of  a  spring  with  linear  elon¬ 
gation  characteristic.  Therefore, 
by  coupling  a  pointer  to  the  disc, 
a  deflection  can  be  obtained  that 
is  proportional  to  the  speed  of  the 
aircraft  engine. 

The  indicator  instruments  are 
assembled  from  interchangeable 
subassemblies.  Each  subassembly 
must  be  tested  before  it  is  placed  on 
the  main  assembly  line.  Finally,  the 
fully  assembled  instrument  is 
tested.  Te.^'ts  include  exposure  to 
vibration,  various  angular  posi¬ 
tions  in  space,  temperature  as  low 
as  —55  C  and  as  high  as  70  C.  These 
tests  must  be  conducted  at  various 
predetermined  speeds  and  at  nar¬ 
row  tolerances. 

After  the  instrument  has  passed 
through  all  the  preliminary  tests, 
it  is  calibrated  at  a  speed  of  3,000 
rpm,  corresponding  to  two-thirds 
full  scale,  by  partially  demagnetiz¬ 
ing  the  rotating  permanent  mag¬ 
nets.  The  calibration  is  then 
checked  for  increasing  and  decreas¬ 
ing  speeds.  While  some  tests  are 
required  to  be  made  at  only  four 
predetermined  speeds,  other  tests 
require  as  many  as  twenty-one  pre¬ 
determined  speeds. 

The  requirements  for  a  tachom¬ 
eter  testing  system  handling  large 
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•  The  testing  equipment  described  was  de¬ 
veloped,  built,  and  operated  by  the  Sunbeam 
Corp.,  Chicago,  with  which  the  author  was 
formerly  affiliated. 


FIG.  1 — Block  diagram  oi  the  teetinq  system 
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Equipment  for  the  production  testing  of  aircraft  tachometers.  Pole  wheels  are  on  the  floor,  in  the  background,  with  frequency-selector 
relays  and  stepping  switches  in  th^n  foreground.  Powerpacks  are  on  the  first  shelf,  two-phase  amplifiers  on  the  second  and  synchron¬ 
ous  motors  driving  tachometer  generators  on  the  third 


quantities  of  instruments  at  high 
accuracies  may  be  stated  as  fol¬ 
lows: 

(1)  Selection  of  the  predeter¬ 
mined  speeds  must  be  a  simple  op¬ 
eration. 

(2)  Test  speeds  must  be  of  an 
accuracy  exceeding  the  accuracy  of 
the  instrument  under  test. 

(3)  It  must  be  possible  to  operate 
simultaneously  a  multitude  of  test¬ 
ing  stands. 

(4)  A  test  going  on  at  one  test 
stand  must  not  interfere  with  tests 
being  conducted  simultaneously  at 
other  test  stands. 

(5)  Test  equipment  must  stand 
up  under  almost  continuous  use. 

Basie  Solution 

In  Fig.  1  a  tuning  fork  oscillator 
of  an  accuracy  of  0.001  percent  and 
50  cycles  per  second  is  used  as  a 
standard  frequency  reference.*  The 
single-phase  output  of  the  tuning 
fork  oscillator  is  fed  into  two  phase 
splitters  consisting  of  resistance- 


capacitance  networks  which  split 
the  oscillator  voltage  into  two  com¬ 
ponents  electrically  approximately 
90  degrees  apart.  The  two  volt¬ 
ages  are  applied  to  the  inputs  of 
tw'o  two-phase  amplifiers.  The  t\vo 
output  transformers  of  the  two- 
phase  amplifiers  are  in  Scott  con¬ 
nection,  resulting  in  three-phase 
power  output.*  This  three-phase 
power  is  used  for  energizing  two 
synchronous  motors  driving  a  total 
of  21  two-phase  generators  (called 
pole  wheels)  which  produce  volt¬ 
ages  at  21  different  frequencies,  cor¬ 
responding  to  the  21  different 
speeds  at  which  the  indicator  in¬ 
strument  is  to  be  operated  under 
test. 

The  voltages  generated  by  the  21 
pole  wheels  are  routed  to  a  bus  sys¬ 
tem  from  which  they  can  be  picked 
up  by  rotary  switches  or  relays  and 
fed  into  two-phase  amplifiers.  These 
two-phase  amplifiers  are  identical 
with  those  used  for  energizing  the 
synchronous  motors  which  drive  the 


pole  wheels.  Their  three-phase  out¬ 
put  is  used  to  energize  synchron¬ 
ous  motors  driving  standard  tach¬ 
ometer  generators.  Because  Of  the 
application  of  synchronous  motors 
and  generators  all  the  way  through, 
th^  accuracy  at  which  the  instru¬ 
ment  motor  will  run  equals  the 
accuracy  of  the  tuning  fork  oscil¬ 
lator.  The  output  of  the  tachom¬ 
eter  generator  is  wired  to  the  test 
or  calibrating  stands  of  the  indi¬ 
cator  instruments.  The  test  stands 
are  equipped  with  means  for  the 
remote  control  of  the  associated 
amplifier  and  for  the  selection  of 
any  speed  necessary  for  testing. 

Two-Phase  Amplifiers 

Both  phases  are  independently 
amplified  throughout  the  system, 
but  the  output  sides  of  the  output 
transformers  in  each  two-phase  am¬ 
plifier  are  connected  in  Scott  trans¬ 
formation  in  order  to  obtain  a 
three-phase  output. 

The  first  stage  of  each  amplifier 
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used  for  the  amplification  of  the 
small  voltages  obtained  from  the 
pole  wheels  (or  from  the  phase 
splitters)  operates  on  an  input  sig¬ 
nal  of  between  0.1  and  1  volt.  These 
rather  small  voltages  require  high- 
gain  amplification  which  is  obtained 
from  a  6SJ7  tube  in  pentode  con¬ 
nection  as  shown  in  Fig.  2.  The  fre¬ 
quency  range  is  8i  to  75  cycles  per 
second.  Because  of  the  low  fre¬ 
quency,  unusually  large  capacitance 
values  have  to  be  chosen  for  the  by¬ 
pass  capacitors  shunting  the 
cathode  bias  resistor  and  the  screen 
resistor,  as  well  as  for  the  coupling 
capacitor  to  the  following  stage. 

The  second  stage  uses  a  6L6G 
tube,  connected  as  a  class-Al  am¬ 
plifier  to  provide  driving  power  for 
the  final  stage.  The  final  stage 
consists  of  a  push-pull  amplifier  in 
class-AB,  connection,  using  807 
tubes.  It  was  necessary  to  connect 
radio-frequency  chokes  in  the  plate 
and  screen  grid  leads  in  order  to 
suppress  parasitic  oscillation. 

The  output  transformers  were 
especially  designed  in  order  to  per¬ 
mit  operation  at  very  low  frequen¬ 
cies  and  also  to  provide  the  correct 
winding  ratio  for  Scott  transforma¬ 
tion.  With  variable  speeds  of  the 
synchronous  motor  (energized  from 
the  amplifier),  the  load  resistance 
of  the  motor  reflected  between  the 
plates  of  the  807’s  also  varies.  At 
the  higher  speeds  of  the  synchro¬ 
nous  motor,  where  relatively  large 
amounts  of  power  are  required  for 
pulling  into  synchronism,  rematch¬ 
ing  of  the  output  impedance  be¬ 
comes  necessary.  For  this  purpose 
additional  taps  at  the  output  trans¬ 
former  are  provided  and  these  are  stages  and  the  various  screen  cur-  left,  the  powerpack,  the  amplifier, 

automatically  switched  by  the  speed  rents.  A  third  rectifier  is  used  for  and  the  synchronous  motor-gener- 

selector.  ^  obtaining  the  bias  voltages  for  the  ator  section.  The  relay  between  the 

The  synchronous  motor  driven  second  and  third  stages.  The  power-  two  output  transformers,  visible  on 

by  the  amplifier  is  rated  J-horse-  pack  is  remotely  controlled  from  the  the  amplifier  chassis,  is  the  auto¬ 

power,  220  volts,  three-phase,  1,500  test  stand  by  means  of  a  relay  whose  matic  impedance  rematching  relay, 
rpm  at  50  cycles.  Power-factor  cor-  contacts  control  the  115- volt  power  The  two  knobs  at  the  front  end  of 
rection  capacitors  adjusted  for  full  supply.  In  order  to  protect  the  am-  the  amplifier  chassis  control  the 
compensation  at  full  load  were  used  plifier  against  overload  in  case  of  potentiometers  for  the  input  to  the 
to  unburden  the  amplifier  from  car-  loss  of  bias,  a  protection  relay  is  first  amplifier  stages.  A  tuned  fly- 
rying  inductive  reactive  power.  energized  from  the  bias  voltage,  wheel  serves  to  subdue  torsional 

The  contacts  of  this  relay  are  in  se-  oscillations  of  the  synchronous 
Powerpack  with  the  115-volt  supply.  In  motor. 

Each  amplifier  has  a  powerpack,  case  of  bias  voltage  failure,  this  re- 
as  shown  in  Fig.  3.  Two  5Z3  tubes  lay  becomes  de-energized,  opens  its 
are  used  to  provide  the  plate  power  contacts,  and  thus  disconnects  the 
for  the  two  807  push-pull  amplifiers.  '  rectifiers  from  the  115-volt,  60-cycle 
Another  rectifier  produces  the  plate  power  supply, 
power  for  the  first  and  second  Figure  4  shows,  from  right  to 


FIG.  2 — Typical  two-phase  amplifier 
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FIG.  3 — Powerpack  lor  o  two-phase  amplifier  used  in  the  tachometer  production 

testing  setup 


Pole  Wheels 

The  two  synchronous  motors 
shown  in  the  upper  section  of  the 
block  diagram  (Fig.  1),  have  four 
poles  and  hence  rotate  at  1,500  rpm 
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when  energized  by  50-cycle  power 
from  the  tuning  fork  oscillator. 
Gears  reduce  the  motor  speeds  to 
100  rpm  on  one  machine  shaft  and 
to  200  rpm  on  the  other  machine 
shaft. 

A  number  of  discs  are  mounted 
on  the  two  shafts,  as  shown  in  Fig. 
5.  Various  numbers  of  teeth  are 
cut  into  the  discs.  Each  of  these 
discs  or  pole-wheels  is  straddled  by 
one  pair  of  pickup  coils.  Each 
pickup  coil  has  two  windings.  One 
winding  is  energized  by  d-c  and 
serves  to  magnetize  the  pole-wheel, 
whereas  the  other  is  used  to  pick  up 
the  a-c  voltage  induced  in  it  by  the 
variable  magnetic .  flux,  caused  by 
the  teeth  and  slots  in  the  pole 
wheels. 

If  a  pole  wheel  has,  for  instance, 
36  teeth  and  is  rotating  at  100  rpm- 
the  frequency  picked  up  by  the  coils 
will  be  36  x  100  =  3,600  cycles  per 
minute  or  60  cycles  per  second.  This 
is  the  frequency  for  a  tachometer 
generator  and  instrument  motor 
running  at  1,800  rpm.  Since  the 
tachometer  generator  is  coupled  to 
the  cam  shaft  of  the  aircraft  engine, 
the  engine  runs  twice  as  fast, 
namely,  3,600  rpm.  Consequently, 
the  indicator  will  also  indicate  3,600 
rpm  as  the  speed. 

It  follows  that  the  number  of 
teeth  per  pole  wheel  of  the  100-rpm 
machine  has  to  be  1/100  of  the  speed 
to  be  indicated  by  the  instrument. 
On  the  200-rpm  machine  the  num¬ 
ber  of  teeth  per  pole  wheel  has  to 
be  1/200  of  the  speed  to  be  indi¬ 
cated  by  the  instrument. 

The  application  of  two  pickup 


coils  per  pole  wheel  serves  to  obtain 
two  voltages  of  the  same  frequency, 
but  of  a  phase  displacement  of  ap¬ 
proximately  90  electrical  degrees. 
Thus  21  pairs  of  voltages  are  gen¬ 
erated,  each  pair  having  a  different 
frequency  corresponding  to  the  21 
different  speeds  to  be  obtained  for 
the  instrument  motor. 

In  order  to  minimize  magnetic 
stray  fields  and  at  the  same  time 
to  provide  mechanical  protection, 
guards  made  from  soft  iron  are 
placed  over  the  pole  wheels. 

Test  Stands 

In  order  to  test  tachometers  in 
production  18  test  stands  are  re¬ 
quired.  Eight  test  stands  are  op¬ 
erated  at  four  predetermined 
speeds,  whereas  the  remaining  ten 
require  21  predetermined  speeds. 
Besides  obtaining  21  speeds,  it  is 
necessary  that  these  speeds  can  be 
obtained  in  increasing  and  decreas¬ 
ing  sequence. 

In  order  to  select  the  frequencies 
allocated  to  the  various  speeds,  re¬ 
lays  and  stepping  switches  were 
chosen  which  are  remotely  con-' 
trolled  from  the  test  stands.  For 
the  four-speed  test  stands,  relays 
were  used  for  frequency  selectors, 
whereas  in  the  case  of  the  21  speed 
calibrating  stands,  rotary  switches 
were  applied. 

Each  four-speed  test  stand  has  a 
selector  switch  to  energize  any  of 
the  four  selector  relays  which  are 
assigned  to  the  specific  test  stand. 
Contacts  of  these  selector  relays  qp- 
tablish  electrical  connections  be¬ 
tween  one  of  the  21  different  fre¬ 


quencies  from  the  bus  system  and 
the  input  of  the  two-phase  amplifier 
which  is  allocated  to  the  test  stand 
under  consideration.  The  power- 
pack  belonging  to  this  amplifier  is 
turned  on  by  remote  control  from 
the  test  stand.  By  operating  the 
selector  switch  for  the  selection  of 
a  given  speed,  the  corresponding  se¬ 
lector  relay  energizes  the  two-phase 
amplifier  with  the  correct  fre¬ 
quency.  This  amplifier  energizes  a 
three-phase  synchronous  motor 
which  belongs  to  the  test  stand 
under  consideration,  and  makes  it 
run  at  the  desired  rotational  speed. 
A  tachometer  generator  coupled  to 
the  foregoing  synchronous  motor 
provides  the  energy  to  be  used  for 
operating  the  instrument  motor  in 
the  instrument  under  test. 

In  order  to  provide  21  speeds  in 
increasing  and  decreasing  sequence, 
one  rotary  stepping  switch  was  as¬ 
signed  to  every  one  of  the  ten  cali¬ 
brating  stands.  This  switch  is  of  a 
standard  telephone  type,  having  50 
positions  and  four  levels.  Two  levels 
of  the  rotary  switch  connect  the 
standard -frequency  busses  to  the 
input  of  a  two-phase  amplifier  of 
which  one  amplifier  (with  power- 
pack)  is  assigned  to  each  calibra¬ 
ting  stand.  The  frequencies  are 
connected  to  the  rotary  switch  in 
such  a  way  that  the  brushes  will 
connect  the  frequencies  in  sequence, 
increasing  from  500  rpm  to  4,400 
rpm  and  then  declining  from  4,400 
rpm  down  to  500  rpm.  The  third 
level  of  the  rotary  switch  energizes 
indicating  lamps  located  at  the  cal¬ 
ibrating  stand,  identifying  the 
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One  particular  set  of  operational 
problems  is  faced  by  the  Hacken¬ 
sack  Taxi  Service,  covering  the  area 
in  and  around  Hackensack,  Bogota 
and  Teaneck,  New  Jersey.  Meticu¬ 
lous  records  have  always  been  kept, 
so  that  it  is  easy  to  assess  gains  or 
losses  with  any  innovation. 

Since  installation  of  the  two-way 
radio  system,  fares  have  averaged 
6  percent  more  for  the  same  fleet, 
with  the  number  of  completed  trips 


Map  showing  area  of  taxi  operations  covered  by  15-watt  transmitters.  Location  of 
fixed  station  transmitting  and  receiving  antenna  about  90  feet  above  sea  level 
is  indicated  by  star.  Some  areas  served  are  behind  elevations  exceeding  that 

of  this  antenna 


Two-way  radio  between  dis¬ 
patcher  and  cabs  in  a  taxi 
fleet  furnishes  an  important  new 
market  for  communications  equip¬ 
ment,  effects  important  economies 
in  fleet  operation,  and  provides  bet¬ 
ter,  cheaper  service  for  the  riding 
public. 

A  study  of  several  recent  instal¬ 
lations  now  operating  under  experi¬ 
mental  licenses  indicates  a  need  for 
overall  engineering  of  systems  op¬ 
erating  in  any  given  area,  an 
awareness  on  the  part  of  FCC  of  the 
rapidly  growing  problem  of  fre¬ 
quency  assignments,  and,  particu¬ 
larly  in  the  initial  stages,  a  strong 
spirit  of  good  will  and  active  coop¬ 
eration  among  users  of  the  new 
technique. 

Potential  users  must  consider  the 
specific  sort  of  taxi  service  they  ren¬ 
der  and  tailor  their  demands  upon 
equipment  manufacturers  accord¬ 
ingly. 


Companies  using  two-way .  radiotelephone  equipment  in 
newly  opened  157-megacycle  region  find  it  pays  for  itself  in 
a  short  time.  A  system  using  commercially  available  f-m 
transmitters  and  receivers  is  described 


ELECTRONICS  — MarcA.  J947 


97 


speed  selected  by  the  rotary  switch. 
The  fourth  level  is  reserved  for  the 
control  of  the  selector  switch. 

If  a  test  should  be  made  in  which 
every  speed  is  needed  for  increasing 
as  well  as  decreasing  values,  the 
operator  pushes  a  step-button  on 
the  panel  of  the  calibration  stand 
shown  in  Fig.  6.  If  the  rotary 
switch  is  in  its  home  position,  no 
voltages  are  fed  into  the  input  of 
the  amplifier  and  the  synchronous 
motor  is  standing  still.  As  soon  as 
the  operator  actuates  the  pushbut¬ 
ton,  the  rotary  switch  will  step  into 
a  position  where  the  amplifier  input 
is  connected  to  one  of  the  21  fre¬ 
quencies,  resulting  in  the  lowest 
speed  (500  rpm.).  If  the  operator 
wants,  at  this  time,  to.  go  to  the 
next  speed  (600  rpm),  all  he  has  to 
do  is  to  again  push  the  same  push¬ 
button.  The  rotary  switch  will  now 
make  one  more  step,  connecting  the 
amplifier  to  a  frequency  correspond¬ 
ing  to  600  rpm.  Every  time  the  op¬ 
erator  pushes  the  button  the  next 
higher  speed  will  be  obtained,- un¬ 
til  the  top  speed  of  4,400  rpm  is 
reached.  After  that  the  speed  will 
be  reduced,  step  by  step,  every  time 
the  operator  pushes  the  button. 

In  the  majority  of  tests,  however, 
certain  speeds  can  be  skipped.  In 
order  to  maintain  the  same  simple 
operation  and  yet  obtain  automatic 
skipping,  a  two-position  selector 
switch  was  provided  on  the  calibra¬ 
ting  stand.  If  this  selector  switch 
is  switched  into  local  position,  every 
one  of  the  21  speeds  is  obtained.  If, 
however,  this  selector  switch  is 
turned  into  express  position,  volt¬ 
ages  are  supplied  to  certain  contacts 
on  the  control  level  of  the  rotary 
switch.  Any  time  the  brush  of  the 
control  level  finds  a  contact  which 
is  energized  by  the  selector  switch 


it  will  energize  its  electromagnet, 
resulting  in  a  further -step  of  the 
rotary  switch.  Thus,  if  the  operator 
wants  to  obtain  the  next  speed,  all 
he  does  is  to  push  the  step  pushbut¬ 
ton  once,  as  usual. 

If  it  is  desired  to  test  an  instru¬ 
ment  at  only  one  speed,  for  instance 
3,000  rpm,  it  is  not  necessary  to  use 
the  step  pushbutton  to  step  the  ro¬ 
tary  switch  by  multiple  operation  of 
this  pushbutton  until  the  speed  of 
3,000  rpm  is  reached.  In  order  to 
avoid  such  loss  of  time  another 
pushbutton,  up  to  4,400  rpm,  is  pro¬ 
vided  which  when  pressed,  makes 
the  rotary  switch  step  up  automa¬ 
tically.  As  soon  as  the  desired  speed 
is  obtained,  readily  visible  from  the 
indicating  lamps,  the  pushbutton  is 
released  and  the  rotary  switch  re¬ 
mains  in  the  desired  position. 

In  order  to  return  the  rotary 


switch  to  zero  from  any  position, 
it  is  not  necessary  to  push  the  step 
pushbutton  bntil  the  rotary  switch 
is  brought  back  step  by  step  to  the 
zero  position.  A  special  pushbutton 
marked  back  to  zero  is  provided 
which  energizes  all  contacts  of 
the  control  level  except  the  home 
contact.  The  rotary  switch  then 
runs  into  its  home  position  within 
one  or  two  seconds,  depending 
on  the  contact  point  at  which 
the  rotary  switch  was  standing  be¬ 
fore  this  pushbutton  was  operated. 

In  the  calibrating  stand  pictured 
a  dual  tachometer  indicator  is  un¬ 
der  test.  The  changeover  switch  on 
the  left  side  of  the  panel  permits 
the  energization  of  either  or  both 
instruments.  The  two  a-c  electro¬ 
magnets  surrounding  the  instru¬ 
ments  serve  to  partially  demagne¬ 
tize  the  permanent  magnets  for  the 
purpose  of  establishing  one  point  of 
the  calibration.  By  operating  the 
changeover  switch  the  electromag¬ 
net  belonging  to  the  indicator  mo¬ 
tor  under  calibration  becomes  ener¬ 
gized.  The  current  in  this  electro¬ 
magnet  is  controlled  by  means  of  a 
variable  transformer.  The  front 
panel  of  the  calibrating  stand  shows 
21  indicating  lamps  corresponding 
to  the  21  available  speeds.  The 
pushbuttons  for  the  control  of  the 
rotary  switch  and  the  local-express 
selector  are  shown  in  the  lower  sec¬ 
tion  of  the  panel. 
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(3)  I.Amson,  H.  W.,  A  Precision  Tuning 
Fork  With  Vacuum  Tube  Drive,  O.  R.  Exp., 
p  1,  Sept.  1945. 
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FIG.  6 — Typical  tachometer  calibrating 
stand  at  which  an  operator  remotely  con¬ 
trols  test  frequencies  and  adjusts  instru¬ 
ments  by  rotating  the  demagnetizing  con¬ 
trol  wheel  at  the  right 


FIG.  5r— These  two  pole  wheel  arrangements  electromagnetically  generate  21  tuning-fork-controlled  test  frequencies 
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The  number  of  frequency  multi¬ 
plications  <96)  is  readily  accom¬ 
plished  with  5  tubes.  Nominal 
power  output  is  15  watts,  but  per¬ 
formance  of  the  system  can  later  be 
enhanced  by  the  use  of  a  higher- 
gain  antenna  or  a  more  favorable 
antenna  height  or  location. 

The  receiver  is  crystal  controlled 
in  order  to  insure  optimum  signals 
from  unattended  equipment.  The 
block  diagram  of  Fig.  IB  shows  the 
layout  of  circuit  elements.  A  double¬ 
conversion  superheterodyne  makes 
use  of  a  single  crystal  operating  at 
9.03  megacycles  for  both  local  oscil¬ 
lator  frequencies.  The  double  i-f 
system  gives  good  bandpass  charac¬ 
teristics  and  a  favorable  image 
ratio.  A  squelch  circuit  can  be 
switched  in  or  out  to  quiet  the  audio 
output  of  the  receiver  during  the 
period  when  no  signal  is  being 
received. 

Since  the  transmitter-receiver  op¬ 
erates  on  115  volts  and  power  con¬ 
sumption  varies  between  125  and 
320  watts,  no  special  wiring  is 
necessary. 


sions  is  kept  by  the  dispatcher  on 
duty,  who  is  required  to  hold  a 
restricted  radiotelephone  operator 
permit.  The  individual  taxi  drivers 
are  not  required  to  be  licensed  for 
radio  operation  inasmuch  as  their 
equipment  is"  tamper-proof.  One  ex¬ 
perienced  technician,  on  call  24 
hours  a  day,  is  the  only  person  al¬ 
lowed  to  adjust  the  transmitting 
equipment  and  he  holds  a  Radio¬ 
telephone  License,  First  Class,  as 
required  by  the  FCC. 

Fixed  Station  Details 

The  fixed  station  equipment  is 
remotely  controlled  by  the  dis¬ 
patcher.  It  comprises  a  phase-shift 
f-m  transmitter  and  a  receiver. 
Provision  is  made  to  switch  the 
transmission  line  from  the  antenna 
to  either  unit  as  the  wire  line  is 
connected  to  receiver  or  transmit- 
Here  the  incoming  subscribers’  tele-  ter.  The  bandwidth  of  the  antenna 
phone  lines,  radio  control  unit  and  has  been  designed  to  provide  ade- 
microphone  are  located.  The  an-  quate  gain  for  both  fixed  and  mo- 
tenna  used  for  transmitting  and  re-  bile  frequencies.  The  circuit  de¬ 
ceiving  is  atop  a  60-foot  mast  ments  making  up  this  equipment 
mounted  on  a  one-story  building  are  shown  as  a  block  diagram  in, 
used  for  repairs,  maintenance  and  Fig.  1. 

garaging,  about  half  a  mile  from  The  phase-shift  transmitting  sys- 
the  dispatchers’  office.  The  compact  tern  shown  in  Fig.  lA  provides  a 
transmitter-receiver  unit,  itself  frequency-modulated  signal  with 
locked,  is  fastened  to  the  wall  of  a  sufficient  deviation  to  reduce  noise 
locked  room  in  the  garage  and  is  and  allow  reasonable  audio  quality, 
connected  to  the  control  equipment  A  deviation  of  20  kc  each  side  of  the 
by  two  pairs  of  wires  furnished  by  carrier  frequency  (as  contrasted 
the  telephone  company.  One  line  is  with  the  broadcast  standard  of  75 
used  for  audio  signals,  incoming  kc)  is  adequate  to  provide  an  over- 
and  outgoing,  while  the  other  serves  all  audio  response  that  is  essentially 
to  operate  the  send-receive  switch-  flat  from  350  to  5,000  cycles.  At  the 
ing  mechanism  built  into  the  locked  same  time,  stringent  legal  and  prac- 
unit.  tical  problems  of  frequency  stabil- 

A  complete  log  of  all  transmis-  ity  are  solved  by  using  this  circuit. 


Fixed  station  transmitter-receiTor  located 
near  loot  oi  antenna  ond  a  holi  mile  from 
dispatchers  oilice.  From  top  to  bottom, 
chotsis  contoin  transmitter,  receirer.  and 
power  supply 


Mobile  Stafiees 

Circuitwise,  "the  mobile  equip¬ 
ment  is  identical  with  that  em¬ 
ployed  in  the  fixed  station,  but  is 
differently  packaged.  A  loudspeaker 
is  normally  operative  in  the  taxi, 
but  the  receiver  of  a  telephone 
handset  can  be  used  for  conversa¬ 
tions  once  communication  is  estab¬ 
lished.  A  switch  on  the  handset  op¬ 
erates  a  relay  to  shift  the  antenna 
connection  from  receiver  to  trans¬ 
mitter  when  the  cab  operator 
wishes  to  talk  back.  The  antenna 
itself  is  a  quarter-wave  whip 
mounted  through  the  roof  of  the 
cab  and  works  against  the  metal 
roof  as  a  ground.  Power  is  taken 
from  the  car  storage  battery  and 
the  total  standby  power  drain  is 
about  10  amperes  at  6  volts.  An  ad¬ 
ditional  23  amperes  is  required  dur¬ 
ing  periods  of  transmission  from 
the  cab. 
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FIG.  1 — Block  diagram  of  Hackensack  system  circuit  elemenlj  used  in  both  fixed  and 
mobile  transmitters  (A)  and  receivers  (B).  A  single  crystal  furnishes  conversion 
frequencies  for  the  double-detection  superheterodyne  receiver 
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per  hour  correspondingly  increased. 
On  the  basis  of  these  figures,  it  is 
anticipated  that  the  whole  radio  in¬ 
stallation  will  pay  for  itself  in  ten 
months.  “Over  the  meter”  charges 
on  out-of-town  calls  have  been 
dropped  since  radio  dispatching  was 
installed.  This  means  that  the  cus¬ 
tomer  who  formerly  paid  a  meter 
charge  from  the  taxi  terminal  to  his 
home,  as  well  as  the  regular  home- 
to-destination  charge  and  twenty- 
five  cents  in  addition,  now  pays  only 
for  the  actual  mileage  from  home  to 
'  destination.  Radio  dispatching  elim¬ 
inates  the  unproductive  return 
mileage  formerly  run  up  by  the  cab 
on  such  calls. 

The  type  of  community  served 
dictates  the  sort  of  dispatching 
service  needed.  Hackensack  and  its 
suburbs  are  typical  of  many  small 
cities  everywhere  that  do  a  “tele¬ 
phone”  rather  than  a  “pickup”  taxi 
business.  Because  the  majority  of 
users-  initiate  requests  for  service 
by  telephone,  as  early  as  1924  a 
telephone  call  box  dispatching  sys¬ 
tem  was  installed  that  increased 
earnings  20  percent  and  also  im¬ 
proved  service.  The  telephones  were 
available  to  the  public  as  well  as  to 
reporting  drivers.  A  portion  of  the 
telephone  system  has  been  retained  ’ 
as  a  service  to  customers,  but  in  no 
way  competes  with  the  radio  dis¬ 
patching  system.  In  fact,  the  radio 
system  has  increased  the  utility  of 
the  telephone.  All  instruments  are 
connected  in  parallel  on  one  line  so 
that  when  a  customer  fails  to  hang 
up  the  system  goes  dead.  Now  the 
,  dispatcher  can  send  the  nearest  car 
to  the  phone  last  used  with  instruc¬ 
tions  to  hang  up  the  receiver! 


Dispotchcra'  desk  showing  dual  telephone  positiona  for  incoming  calls,  radio  micro¬ 
phone,  and  remote  control  unit  that  is  operated  by  loot  switch 


It  is  the  feeling  of  the  company 
that  the  type  of  dispatching  opera¬ 
tion  best  suited  to  the  situation  is 
now  in  use.  The  number  of  cabs  (11 
at  present)  does  not  require  a  se¬ 
lective  calling  system  of  the  sort 
that  may  be  desirable  in  a  larger 
fleet,  and  in  fact,  would  slow  down 
operations  under  the  present  sys¬ 
tem  without  adding  to  its  service¬ 
ability.  While  no  sort  of  lockout 
system  is  now  in  use,  again  be¬ 
cause  of  the  relative  smallness  of 
the  fleet,  it  may  be  considered  de¬ 
sirable  to  install. a  simple  system  as 
business  expands. 

Because  all  the  cabs  share  pickup 
and  telephone  business  equally,  it 
has  been  desirable  to  equip  each 
cab  with  two-way  radio.  Present 
experiments  in  larger  cities  may 
possibly  show  that  a  law  of  dimin¬ 
ishing  returns  begins  to  operate 


Mobil*  transmittar  (Ult)  and  r*c*iT*r  (right),  mounted  in  rear  dock  of  toad 


before  a  whole  fleet  is  radio 
equipped. 

At  the  present  time,  11  separate 
companies  centered  in  as  many  com¬ 
munities  of  northern  New  Jersey 
are  operating  two-way  radio  sys¬ 
tems  with  all  dispatchers’  transmit¬ 
ters  operating  on  the  experimental 
frequency  of  152.27  megacycles  and 
all  cars  on  another  experimental 
frequency  of  157.53  me,  assigned  to 
taxicab  service  over  the  whole  coun¬ 
try. 

Each  installation  was  a  separate 
job,  with  antennas  generally  erected 
in  locations  dictated  by  conditions 
of  expediency.  For  this  reason  sig¬ 
nals  from  several  dispatchers  can 
be  heard  in  any  cab.  Operations  are 
sometimes  difficult  and  would  have 
been  next  to  impossible  without  the 
formation  of  an  association  of  the 
various  owners,  who  have  standard¬ 
ized  calling  procedures  and  as¬ 
signed  numbers  with  which  the  in¬ 
dividual  number  of  each  cab  in  a 
given  fleet  is  prefixed.  For  instance, 
Hackensack  cabs  use  the  dispatch¬ 
ing  numbers  9-1  through  9-11.  Call 
letters  assigned  by  FCC  to  the  dis¬ 
patcher,  W2XKG,  and  the  cars, 
W2XKH,  are  employed  only  as 
often  as  legal  requirements  demand. 

Equipment  Installation 

Physically,  the  present  Hacken¬ 
sack  radio  plant  has  been  adapted  to 
existing  facilities.  The  dispatchers’ 
office  is  located  in  the  center  of  the 
city  near  rail  and  bus  terminals. 
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Time-modulated  pulse  system  in  nose  of  rocket  samples  successively  up  to  23  instruments 
and  transmits  readings  to  ground  station  over  1,000-mc  radio  link  using  2C43  disk-seal 
tube  as  oscillator.  Airborne  circuits  are  given  here;  Part  II  will  cover  ground  circuits 


ONE  of  the  most  important 
problems  which  must  be  solved 
•in  connection  with  the  use  of  a  roc¬ 
ket  as  a  vehicle  for  upper-atmos¬ 
phere  research  is  that  of  making 
available  to  the  observer  informa¬ 
tion  obtained  at  the  rocket  during 
flight.  Radio  telemetering  equip¬ 
ment  designed  by  the  Rocket  Sonde 
Research  Section  of  the  Naval  Re¬ 
search  Laboratory  has  been  em¬ 
ployed  for  this  purpose  during  all 
of  the  V-2  firings  at  White  Sands, 
New  Mexico, 

Typical  of  the  basic  research 
data  telemetered  by  the  system  are 
temperatures  and  pressures  in  the 
upper  atmosphere,  various  charac¬ 
teristics  of  the  primary  cosmic  radi¬ 
ation,  and  properties  of  the 
ionosphere.  For  studies  of  rocket 
performance,  data  are  telemetered 
on  such  quantities  as  speed,  rocket 
acceleration  and  altitude,  skin  tem¬ 
peratures  at  various  critical  points, 
and  motion  of  the  control  fins. 

The  system  was  designed  to  tele¬ 
meter,  by  means  of  independent 
time  channels,  as  many  as  twenty- 

V-2  rocket  taking  off  at  White  Sands.  New 
Mexico,  with  radio  telemetering  equip¬ 
ment  in  nose.  The  AAF  program  calls  lor 
firing  a  total  of  50  of  these  guided  missiles 


three  separate  quantities  by  suc¬ 
cessively  sampling  a  corresponding 
number  of  data  voltages  obtained 
from  instrumentation  installed  in 
the  rocket.  The  sampled  voltages 
are  converted  to  a  form  suitable 
for  radio  transmission,  radioed  to  a 
ground  station,  reconverted  to  their 
original  form,  and  recorded. 

Time- Modulated  Pulse  System 

To  obtain  reliable  telemetering 
over  ranges  in  excess  of  100  miles 
with  limited  allowances  for  size 
and  weight  of  the  rocket-borne 
equipment,  a  time-modulated  pulse 
system  was  chosen.  The  pulse  sys¬ 
tem  delivers  a  higher  peak  ixjwer 
with  a  lower  average  power  con¬ 
sumption  and  occupies  less  space 
than  a  comparable  continuous-car¬ 
rier  system.  The  system  used  in 
the  V-2  operates  at  about  1,000 
megacycles,  a  frequency  which  is 
high  enough  to  penetrate  the  iono¬ 
sphere  and  which  at  the  same  time 
is  clear  of  other  frequencies  used 
in  the  flights. 

The  data  voltages  are  converted 
into  time  intervals,  defined  by  volt¬ 
age  pulses,  corresponding  in  length 
to  the  magnitude  of  the  data  volt¬ 
ages.  The  data  voltages  are  sam- 
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TELEMETERING 
From  V-2  Rockets 


Mobile  telemetering  ground  station.  The  trailer  carries  a  1.000- me  receWer,  a  decoder,  recording  equipment,  monitoring  and 
test  equipment,  communication  receiTers  and  transmitters,  and  timing  mechanisms,  while  truck  contains  25-kw  power  generator 


pled  in  a  specific  order  and  are  used 
to  generate  a  series  of  pulses,  the 
time  intervals  between  which  mea¬ 
sure  the  sampled  data  voltages. 
The  intervals  maintain  the  same 
time  sequence  as  the  sampled  volt¬ 
ages,  the  pulse  marking  the  end  of 
one  interval  serving  as  the  initial 
pulse  of  the  succeeding  interval. 

A  complete  sampling  of  all  data 
voltages  is  used  to  form  such  a 
group  of  time  intervals  periodically. 
A  master  keyer  initiates  the  sam¬ 
pling  process  at  a  uniform  rate. 
The  distinction  between  different 
groups  is  made  possible  by  allowing 
for  a  sufficiently  long  time  between 
the  initial  pulses  of  each  group.  In 
this  manner,  the  interval  between 
the  last  pulse  of  one  group  and  the 
first  of  the  next  is  made  to  be  very 
much  longer  than  any  of  the  mea¬ 
surement  intervals. 


mined  by  the  correspohding  data  signal-maximizing  techniques.  The 
voltage.  The  first,  upon  recovery,  detected  output  of  the  receiver, 
delivers  a  pulse  both  to  the  channel  suitably  amplified,  is  fed  into  a 
collector  and  to  channel  2  multivi-  decoder  unit,  the  purpose  of  which 
brator,  which  in  turn  triggers  that  is  to  recover  the  original  voltage 
of  the  next  channel  and  delivers  an  forms  from  the  time-modulated  sig- 
output  pulse  to  the  collector.  The  ^  nals.  The  original  data  is  then  sep- 
process  is  repeated  in  appropriate  arated  into  the  various  channels, 
sequence  until  all  time  channels  displayed  on  meters,  and  recorded 
have  operated,  after  which  the  cir-  by  various  methods, 
cuit  is  quiescent  until  the  master  The  use  of  several  different  meth- 
keyer  again  initiates  the  sequence,  ods  of  recording  provides  safe- 
The  output  pulses  delivered  to  the  guards  against  the  possibility  that 
channel  collector  by  the  various  the  whole  record  be  lost  due  to 
multivibrators  are  fed  to  a  power  the  failure  of  any  one  method.  The 
modulator  which  in  turn  pulses  the  principal  record  is  made  on  a  mov- 
vhf  power  oscillator,  feeding  the  ing  strip  of  photographic  paper  by 
antenna.  means  of  Hathaway  magnetic 

•  string  oscillographs.  Auxiliary 
Ground  Station  records  are  obtained  by  photograph- 

In  Fig.  2  is  a  block  diagram  of  ing  the  meter  panel  with  a  35-mm 
the  ground  station,  which  receives,  movie  camera.  An  oscillographic 
decodes,  and  records  the  data.  The  record  is  made  of  the  output  of  the 
antenna  is  trained  to  follow  the  air-  video  amplifier  with  a  continuous 
borne  radiator  by  both  optical  and  film  camera.  The  same  signal  is 


Airborne  Unit 

In  Fig.  1  is  a  block  diagram  of 
the  airborne  unit  which  converts 
data  voltages  into  appropriate  form 
and  transmits  a  corresponding 
radio-frequency  signal.  A  master 
keyer,  which  is  a  freely  running 
multivibrator  of  constant  period, 
generates  the  first  pulse  of  each 
group.  This  pulse  is  fed  to  a  chan¬ 
nel  collector,  a  circuit  common  to 
the  outputs  of  each  time  channel, 
and  at  the  same  time  is  used  to 
trigger  time  channel  multivibrator 
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The  multivibrator  for  each  chan¬ 
nel  is  of  the  self-returning  type,  the 
recovery  time  of  which  is  deter- 


FIG.  1 — Block  diagram  of  airborne  telemetering  unit  used  in  V-2  rocketi 
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recorded  on  a  magnetic  wire  re¬ 
corder  from  which  the  data  can  be 
recovered  later  in  the  event  of  de¬ 
coder  failure.  Timing  signals  are 
impressed  on  all  of  the  recording 
media  from  a  time  signal  receiver. 

The  pulse  discriminator  in  the 
decoder  may  be  adjusted  to  reject 
pulses  of  other  than  a  specified  dur¬ 
ation.  The  discriminator  output  is 
fed  to  both  the  synchronizing  pulse 
generator  and  to  the  input  of  each 
channel  separator  via  the  pulse  in¬ 
serter.  The  synchronizing  genera¬ 
tor  output  consists  of  one  pulse  at 
the  start  of  every  group  of  received 
pulses,  which  goes  to  channel  1  sep¬ 
arator,  triggering  a  multivibrator. 
This  multivibrator  is  returned  to 
its  original  state  by  the  second 
pulse’ of  the  pulse  group  now  arriv¬ 
ing  from  the  inverter.  On  returning 
to  its  original  state,  separator  1 
delivers  a  pulse  which  triggers  sep¬ 
arate  2.  The  return  of  separator 
2  is  effected  by  the  third  pulse  of 
the  incoming  series  relayed  by  the 
pulse  inverter.  This  action  con¬ 
tinues,  each  channel  separator  trig¬ 
gering  the  following  channel  while 
being  itself  returned  by  the  signal. 

During  the  conduction  period  for 
any  channel  separator,  the  corre¬ 
sponding  metering  circuit  is  fed  a 
constant  voltage,  the  same  for  all 
channels,  for  a  length  of  time  equal 
to  the  interval  representing  the 
corresponding  data  voltage.  A  ca¬ 
pacitor  is  charged  thereby  to  a  po- 


Intcrior  oi  trailer  serring  as  mobile  ground  station.  At  left  ioreground  is  a  standard 
12-channol  Hathaway  magnetic  string  oscillograph.  Meters  aboTe  it  read  indiyidual 
channel  output  Toltages.  and  ore  photographed  by  a  moTie  camera  (not  shown) 
during  each  test.  Upright  instrument  behind  mete’s  and  facing  right  is  the 
decoder.  Instruments  on  table  at  rear  ore,  left  to  right,  rideo  amplifier,  monitoring 
scope,  antenna  servo  control  unif.  and  timer  unit 


tential  which  depends  upon  the  such  calibrating  units  are  built  into 

duration  of  the  voltage  applied.  By  each  transmitter, 

suitable  circuits,  this  potential  is  A  large  number  of  slowly  vary- 

measured  with  a  vacuum-tube  volt-  ing  quantities  such  as  temperature 
meter,  the  magnitude  being  a  linear  and  pressure  may  be  measured 
function  of  original  data  voltage.  through  a  single  telemetering  chan- 
Calibrator  units  are  placed  in  the  nel  by  mechanical  commutation, 
transmitting  station  to  determine  When  used,  such  mechanical  com- 
.any  shift  in  the  absolute  response  mutators  are  provided  as  part  of 
of  the  system.  The  calibrator  peri-  the  instrumentation  of  the  experi- 
odically  breaks  the  connection  from  ment  concerned.  For  one  V-2 
the  data  voltage  source  to  the  pulse  rocket,  temperature  and  pressure 
time  modulator  channel,  and  con-  measurements  utilized  16  commu- 
nects  in  its  stead  first  a  ground  or  tated  subchannels  compressed  into 
zero  voltage  and  then  a  stable  ref-  two  telemetering  channels, 
erence  potential  of  3.5  volts.  Two  Data  taken  by  telemetering  is 

correlated  with  radar  tracking 
..-i|  plots,  optical  data,  and  photographic 
records  of  the  missile’s  trajectory 
by  means  of  a  master  timing  signal, 
so  that  telemetered  information 
may  be  plotted  as  a  function  of  the 
altitude  of  the  rocket  for  the  entire 
flight. 

The  timing  signals  originate  at  a 
special  installation  provided  by  a 
group  from  the  Army’s  Aberdeen 
Proving  Ground.  A  timing  pulse  is 
provided  every  half  second  above  a 
100-cycle  background,  beginning  at 
the  time  of  the  rocket  takeoff,  with 
every  twentieth  pulse  after  takeoff 
omitted. 

At  the  telemetering  ground  sta¬ 
tion,  the  time  signals  are  fed  to 
one  of  the  Hathaway  oscillograph 
recording  channels  to  make  a  per¬ 
manent  time  reference  along  with 
the  telemetered  data.  The  time  sig¬ 
nal  also  triggers  time  marking  de- 
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FIG.  2 — Block  diagram  oi  equipment  located  in  trailer  serving  as  ground  station 
for  V-2  telemetering  system 
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vices  used  with  the  movie  camera, 
wire  recorder,  and  continuous  film 
camera. 

The  ground  station  antenna, 
located  at  the  center  of  the  trailer 
roof,  can  be  directed  either  by  an 
observer  on  the  roof  or  by  an  op¬ 
erator  inside  the  trailer.  For  the 
most  part  all  operations  work  auto¬ 
matically  during  a  telemetering 
run  except  for  directing  the  an¬ 
tenna  which  is  done  both  optically 
and  by  listening  to  the  signal  and 
maximizing  the  output.  More  than 
one  ground  station  is  used  to  lessen 
the  chance  of  a  break  in  the  tele¬ 
metering  service.  In  all  of  the  fir¬ 
ings  to  date,  there  have  been  two 
mobile  stations  in  operation. 


cults  to  channel  1  and  the  channel 
collector. 

The  positive  surge  from  the  keyer 
does  not  affect  either  channel  1  or 
the  channel  collector.  The  surge 
does  not  affect  F*  because  the  grid 
is  already  at  full  conduction  poten¬ 
tial.  It  does'  not  pass  to  the  channel 
collector  because  it  is  blocked  by 
diode  crystal  Xu  At  time  U  the 
negative  surge  from  the  keyer,  act¬ 
ing  on  the  blocked  multivibrator  of 
channel  1,  triggers  it  from  its  nor¬ 
mal  state  to  a  temporary  state 
(from  a  state  in  which  Vt  is  con¬ 
ducting  to  a  state  in  which  F,  is 
conducting) .  As  a  result  of  the  neg¬ 
ative  surge  impressed  on  the  grid  of 
V4  the  potential  of  the  common  cath¬ 
odes  drops  until  F,  begins  to  con¬ 
duct.  Conduction  of  V,  produces  a 
negative  surge  at  its  anode,  which 
is  coupled  to  the  grid  of  F*  to  drive 
that  grid  still  further  *  negative. 
Channel  1  now  remains  in  its  tem¬ 
porary  state  until  the  charge  im¬ 
pressed  upon  this  grid  leaks  off 
.  through  resistors  Rt  and  R». 

During  the  temporary  state  of 
channel  1,  the  grid  potential  of  F* 
rises  at  an  exponential  rate  deter¬ 
mined  by  Cl,  Rt,  and  R,.  At  time 
U,  after  the  grid  of  F4  has  returned 


necessary  that  there  be  a  spacing 
of  at  least  600  microseconds  be¬ 
tween  the  last  pulse  of  one  group 
and  the  first  pulse  of  the  next.  Fur¬ 
thermore,  the  full  200-microsecond 
period,  corresponding  to  a  -f  5-volt 
input,  might  conceivably  be  re¬ 
quired  for  all  channels  in  one  sam¬ 
pling  cycle.  Thus,  the  time  required 
for  the  formation  of  a  single  group 
of  telemetering  pulses  may  be  as 
long  as  5,200  microseconds  for  a  23- 
channel  system.  In  such  a  case,  the 
maximum  allowable  repetition  rate 
is  192  cycles  a  second.  With  such 
an  arrangement,  data  voltages  fed 
into  the  telemetering  channels  are 
sampled  192  times  a  second. 

The  circuit  diagram  of  the  air¬ 
borne  unit  appears  in  Fig.  3,  and 
corresponding  wave  forms  at  ten 
different  points  in  the  circuit  are 
shown  in  Fig.  4.  All  electronic  cir¬ 
cuit  functions  are  initiated  by  a 
master  keyer,  which  is  simply  a 
freely  running  multivibrator.  The 
period  of  the  multivibrator  of  the 
master  keyer  is  the  pulse  group 
repetition  period,  and  is  set  by  ad¬ 
justing  Ru  The  output  from  the 
master  keyer  (point  A)  consists  of 
square  waves  which  are  coupled 
through  short  time  constant  cir- 


Circvit  of  Airbern*  Telemetering 
Unit 

The  pulse  time  modulator  in  the 
airborne  unit  is  designed  to  gen¬ 
erate  a  time  interval  over  the  range 
of  from  50  microseconds  for  zero 
voltage  input  to  200  microseconds 
for  +  5  volts  input  signal.  These 
times  are  measured  from  the  lead¬ 
ing  edges  of  the  two  pulses  defining 
a  time  interval. 

To  maintain  satisfactory  differ¬ 
entiation  between  groups,  it  is 


Two  Tiowg  oi  airbomo  unit  out  oi  housing.  At  left  is  the  oscillator  coTity  (upper  section)  with  2C43  disk-seal  txihe  operotiag  at  1,000 
me,  and  3E29  modulator  tube  mounted  upside  down  below  it.  At  right  are  two  groups  of  pulse  time  modulator  circuHe  and  the  high- 
Toltage  supply  battery.  Three  of  the  plug-in  ptm  units  are  removed  from  their  sockets  to  illustrate  the  use  of  subminloture  tubes. 
Motors  in  upper  comers  drive  the  calibrator  units  that  apply  known  voltages  at  regular  intervals  in  place  of  instrumentation  voltages 


1 

CAMERAS 


CAMERA 


''—IONOSPHERE 
TRANSMITTING  ANTENNAS 


of 

pos 

ver 

an( 

pli1 

the 

mo 

ret 

sta 

die 

23 

ar( 

pli 

pli 

gei 

chi 


BEACON  ANTENNAS 


COMBUSTION  CHAMBER 


TURBINE  AND  FUEL  PUMP 


FUEL  TANKS 


TEMPERATURE  AND  PRESSURE 
MEASURING  EQUIPMENTS/ 


TELEMETERING 

ANTENNA- 


emergency 

CUT  OFF 

ANTENNA -  ^ 

CARBON  VANES-  --  * 

EMERGENCY 

CUT  OFF-ANTENNA.,, 

TELEMETERING 

ANTENNA - s 


'  I  COBMC  RAY 
,*  EQUIPMENT 


/  ELECTRONC  EQUPMENT 

/  AND  BATTERIES 


EMERGENCY  CUT  OFF 
RECEIVER 


Sketch  of  V-2  rocket  equipped  for  study  of  ionosphere,  showing  location  of  telemetering  unit  in  nose  and  telemetering  antennas  behind 
tail  fins.  In  the  first  successful  flight  made  for  this  purpose,  all  instruments  recorded  continuously  until  the  huge  missile  landed  13 

miles  away  after  reaching  on  altitude  of  63.5  miles 
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Complete  telemetering  airborne  unit  in  14  x 
14  X  20-inch  pressure-sealed  case  weighs 
only  150  lb.  including  1.000-mc  dipole 

sufficiently  positive,  conduction  in 
Vt  again  begins ;  the  cathode  poten¬ 
tial  rises,  a  positive  surge  is  gen¬ 
erated  at  the  anode  of  V,  which  is 
coupled  to  the  grid  of  Vt,  the  circuit 
returns  to  its  steady-state  condi¬ 
tion,  and  a  negative  surge  is  gener¬ 
ated  at  point  D.  This  surge,  coupled 
through  short  time  constant  cir¬ 
cuits  to  channel  2,  initiates  in  chan¬ 
nel  2  an  action  similar  to  that  which 
took  place  in  channel  1.  Such  action 
continues  from  one  channel  to  the 
next,  the  return  of  a  channel  to  its 
stable  state  triggering  the  succeed¬ 
ing  channel  to  its  temporary  state, 
and  simultaneously  delivering  a 
pulse  to  the  channel  collector  cir¬ 
cuit.  When  the  last  channel  is 
reached  the  action  stops  and  does 
not  repeat  until  a  pulse  from  the 
master  keyer  once  more  triggers 
channel  1. 

The  length  of  time  during  which 


each  channel  remains  in  its  tem¬ 
porary  state  is  determined  by  the 
voltage  input  to  that  channel.  Each 
channel  is  calibrated  so  that  with 
0  volts  applied  to  the  input,  the 
temporary  state  is  of  50  microsec¬ 
onds  duration,  and  with  5  volts  ap¬ 
plied  to  the  channel  the  temporary 
state  is  of  200  microseconds  dura¬ 
tion.  The  calibration  procedure,  as 
illustrated  in  connection  with  chan¬ 
nel  1,  consists  of  first  setting  the 
input  voltage  to  zero  and  adjusting 
Rt  until  the  temporary-state  dura¬ 
tion  is  50  microseconds.  Then  with 
a  positive  voltage  of  5  volts  applied 
to  the  input,  Rt  is  adjusted  until  the 
temporary-state  duration  is  200 
microseconds.  Fixed  resistances 
matching  the  values  of  R,  and  Rt 
are  then  mounted  in  place  of  the 
temporary  variable  resistances. 
The  applied  voltage  is  effective  both 
upon  the  triggering  and  the  return 
of  each  channel. 

A  positive  voltage  on  the  grid  of 
F,  produces  a  much  heavier  con¬ 
duction  in  that  tube  when  the  chan¬ 
nel  is  triggered.  Hence,  a  larger 
negative  signal  is  impressed  on  the 
grid  of  Vt  and  therefore  takes  a 
.longer  time  to  leak  off  through 
resistors  R,  and  Rz  .  Furthermore, 
the  level  to  which  the  voltage  must 
leak  before  conduction  in  F«  begins 
is  raised.  As  a  consequence  the  volt¬ 
age  which  is  effective  in  determin¬ 
ing  the  temporary-state  duration  is 
the  input  voltage  which  is  applied 
during  the  temporary  state.  With 
this  system  of  pulse-time  modula¬ 


tion  the  duration  of  the  temporary 
state  of  each  channel  can  be  made  a 
linear  function  of  the  input  voltage. 

Upon  the  return  of  each  channel 
to  its  normal  state  a  negative  pulse 
is  transmitted  through  a  small  crys¬ 
tal  diode  .to  the  common  line  G 


Section  of  typicol  telemetering  record.  Num- 
bere  on  time  reference  trace  (second  from 
bottom)  indicate  elapsed  time  in  sec¬ 
onds  since  takeoff.  Time  reference  pulses 
are  a  half  second  apart 


FIG.  3 — Circuit  of  airborne  telemetering  unit.  First  and  last  channels  are  shown,  others  being  identical 


of  the  channel  collector.  The  pur¬ 
pose  of  the  crystal  diodes  is  to  pre¬ 
vent  interference  between  channels 
and  to  allow  a  pulse  of  sufficient  am¬ 
plitude  to  reach  the  amplifier  of 
the  channel  collector.  Further¬ 
more,  only  the  negative  pulse  on  the 
return  of  each  channel  to  its  normal 
state  is  transmitted  through  the 
diode  to  common  line  G.  Thus,  for 
23  channels,  24  pulses  in  each  group 
are  transmitted  to  the  grid  of  am¬ 
plifier  tube  Vi,  where  they  are  am¬ 
plified  and  inverted  in  phase  to  trig¬ 
ger  the  blocked  multivibrator  of  the 
channel  collector. 

Operation  of  Channel  Collector 

The  channel  collector  is  similar 
in  action  to  the  channels  themselves, 
except  that  its  temporary  state  is 
made  very  short.  The  pulse  gener¬ 
ated  by  the  return  of  each  channel 
triggers  the  channel  collector  to 
produce  an  output  pulse  at  I  which 
is  of  constant  duration  and  ampli¬ 
tude,  regardless  of  the  variation  in 
the  signal  received  from  each  chan¬ 
nel.  The  periods  between  collector 
trigger  pulses  therefore  occur  sim¬ 
ultaneously  with  the  periods  at 
which  the  respective  channel  multi¬ 
vibrators  are  in  their  temporary 
states.  The  information  has  thus 
been  converted  to  a  pulse  spacing. 


Positive  pulses  from  point  I  of 
the  channel  collector  first  pass 
through  cathode  follower  F,#  and 
trigger  the  blocking  oscillator 
VuA,  which  in  turn  generates  sharp 
pulses  of  one  microsecond  duration. 
Since  the  blocking  oscillator  is  of  a 
type  commonly  used  in  television 
synchronization  circuits,  its  opera¬ 
tion  will  not  be  described  here.  The 
one-microsecond  pulse  from  the 
blocking  oscillator  is  fed  through* 
cathode  follower  F„b  and  hence  at 
low  impedance  to  the  grid  of  the 
3E29  modulator  tube,  both  halves 
of  which  are  connected  in  parallel. 
The  grids  of  the  modulator  tube  are 
driven  to  zero  bias  thereby  causing 
the  tube  to  conduct.  A  pulse 
transformer  steps  up  the  output 
pulse  from*  the  modulator  tube  and 
applies  it  to  the  r-f  oscillator. 

The  antenna  feeder  line  is  capa- 
citively  coupled  to  the  oscillator 
cavity.  A  peak  pulse  power  output 
of  approximately  750  watts  is  ob¬ 
tained  at  1,000  me,  with  a  pulse 
width  of  approximately  0.8  micro¬ 
second  at  the  half-power  level. 

Crystal  diodes  A,  and  X,  are  con¬ 
nected  to  the  input  of  each  channel 
to  limit  the  input  voltage  to  the 
range  from  0  to  4-  6  volts.  Too  high 
an  input  voltage  will  cause  a 
channel  to  oscillate,  sending  out  a 


FIG.  4 — Waveiormi  at  Tarious  points  in 
airborne  telemetering  circuit  oi  Fig.  3 


series  of  equally  spaced  pulses, 
while  a  negative  voltage  will  com¬ 
pletely  stop  the  action  of  the  multi¬ 
vibrator  and  prevent  triggering  of 
all  subsequent  channels  in  the  sys¬ 
tem. 

Part  II  will  cover  circuits  used  at 
the  ground  station  for  decoding 
pulses  and  metering  circuits  of  vari¬ 
ous  channels. 
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must  it  be  properly  located  with  nection,  is  drawn  by  the  first  fc  I'  ® 

respect  to  the  rest  of  the  structure,  (space-charge)  grid.  For  the  ab-  :  * 

but  the  tension  of  the  mounting  solute  ultimate  in  electrometer  |  S 

springs  must  be  maintained  within  operation  this  grid  is  a  necessity;  S 

fairly  close  limits.  Otherwise,  operated  at  a  positive  potential  of 

when  the  wire  is  heated  to  high  about  three  volts,  it  repels  back  to 

temperature  during  the  activation  the  filament  the  positive  ions  re- 

process,  the  filament  will  either  leased  during  the  emission  process 

stretch  or  sag  by  an  amount  suffi-  and  prevents  their  reaching  the  . 

cient  to  render  it  useless.  negatively  biased  control  grid.  I  V 

A  typical  diode-emission  cur^  is  The  presence  of  this  space-charge  |  f  I 

shown  in  Fig.  lA.  The  point  of  grid  makes  possible  a  number  of  I  i  I 

interest  is  the  knee  in  the  curve  at  different  connections  of  the  tube  f  \  i  r 

9ma.  To  the  right  of  this  point  the  elements.  The  characteristic  curves  *  :  |  \  I 

tube  is  operating  fully  space-  for  these  various  connections  are  -  Z.  I  i  ^ 

charge  limited.  By  rejecting  tubes  shown  in  Fig.  2 A  to  2D;  the  two  f  ,  i  V 

which  show  this  knee  to  the  left  of  used  for  electrometer  work  are  " i  i  -*1  -- 

the  9.5-ma  point,  satisfactory  op-  shown  in  Fig.  2A  and  2B.  Figure  | '  I  I  \  - 

eration  at  10  ma  and  beyond  is  2A  is  the  classical  electrometer  con-  ^ 

assured,  and  the  plate  current  be-  nection,  and  Fig.  2B  is  the  inverted  \ 

comes  much  more  independent  of  triode  connection,  which  is  ex-  - '  -  ■  Th  - 

filament  current  changes  than  tremely  useful  in  certain  types  of  '  •  j  ' 

would  be  possible  if  operation  on  work  with  higher  voltages  than  can  ^ 

the  vertical  portion  of  the  curve  be  handled  with  the  straight  elec-  -  .  1  ■  \ 

were  attempted.  trometer.  Figure  2C  is  the  high-mif  y  /  ;  5 

Emission  capabilities  of  the  fila-  connection  and  Fig.  2D  the  low-mu  i.-  ^  ^ 

ment  are  very  high,  being  limited  connection. 
mainly  by  the  burn-out  point  of 

the  wire.  Short-time  filament  over-  ’"P"*  Resistance  jkp  ^ 

loads  of  100  percent  and  higher  The  two  great  difficulties  in  using  Electrometer  tube  shown  twice  actual  size 

have  little  effect  on  performance,  a  vacuum  tube  as  an  electrometer, 

By  applying  sufficient  plate  voltage  over  and  above  positive  ion  emis- 
to  one  of  these  tubes,  diode  con-  sion  from  the  filament,  are  gas 
nected,  to  dfaw  20  or  30-ma  plate  current  and  leakage  resistance.  Gas 
current,  it  is  possible  to  have  plate  current,  caused  by  the  migration  of 
current  continue  undiminished  even  positive  ions  to  the  negatively 
after  the  filament  voltage  is  discon-  charged  control  grid,  can  be  con¬ 
nected,  due  to  the  heating  of  the  trolled  in  three  ways;  for  the  ulti- 
filament  wire  by  the  plate  current  mate  in  performance  all  must  be 
flowing  through  it.  Although  such  employed.  The  first  is  the  achieve- 
operation  requires  space  currents  ment  of  the  highest  vacuum  in  the 
that  are  too  high  for  long  life  oper-  tube  that  can  be  obtained.  The 
ation,  the  phenomenon  has  been  second  is  operation  with  sufficiently 
used  in  r-f  rectifiers.  low  potentials  on  the  tube  elements 

In  actual  operation  the  total  to  prevent  ionization  of  the  few  gas 
cathode  current  is  never  more  than  molecules  that  inevitably  remain 
about  250  microamperes,  nearly  all  even  when  all  precautions  have 
of  which,  in  the  electrometer  con-  been  taken  in  pumping.  Hand  in 


hand  with  this  latter  precaution 
goes  the  necessity  of  excluding  any 
light  whatsoever  from  the  tube 
when  it  is  in  operation.  Photoelec¬ 
tric  emission  of  electrons  from  the 
control  grid  results  in  positive  grid 
current  indistinguishable  from  gas 
current,  even  with  quite  feeble 
illumination. 

Leakage  resistance,  especially 
when  the  tube  is  operated  under 
conditions  of  relatively  high  humid¬ 
ity,  is  a  problem  of  extreme 
importance.  In  earlier  models  of 
the  subminiature  electrometer  tube 
the  problem  was  solved  by  cement¬ 
ing  an  amber  bead  around  the 
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Characteristics  of  a  tetrode  requiring  only  13  milliwatts  of  filament  heating  power  and 
having  an  input  resistance  of  millions  of  megohms  are  presented.  Applications  to  meters 
for  measuring  ion-producing  radiations  illustrate  ways  of  simplifying  power  supply 


thermore,  their  characteristic  in 
the  low-current,  low-voltage  region, 
mandatory  to  electrometer  opera¬ 
tion,  showed  such  wide  variations 
that  it  was  almost  impossible  to 
design  a  circuit  in  which  any  rea¬ 
sonable  percentage  of  a  given  num¬ 
ber  of  tubes  would  operate;  and, 
finally,  the  drift  encountered  in 
these  tubes  was  of  a  magnitude 
that  would  have  prevented  their  use 
even  in  the  absence  of  other  factors. 
Such  drift  haa  an  almost  inappreci¬ 
able  effect  on  the  operation  of  an 
a-c  amplifier,  such  as  a  hearing-aid 
or  miniature  radio,  but  in  a  d-c 
amplifier  it  is  hardly  an  exaggera- 
.tion  to  say  that  anything  else  can 
be  tolerated  providing  drift  is 
small. 

Having  made  an  exhaustive  sur¬ 
vey  of  existing  tube  types,  it  was 
finally  decided  to  embark  on  the 
development  of  an  entirely  new 
tube  specifically  for  portable  elec¬ 
trometer  service.  Two  requirements 
were  to  be  met:  (1)  the  tube  was 
to  be  capable  of  electrometer  oper¬ 
ation  with  total  control-grid  cur- 


During  the  last  several  years, 
the  need  for  a  subminiature 
low-current  vaquum  tube  capable  of 
electrometer  service  bedame  in¬ 
creasingly  apparent.  Ordinary  tubes 
were  unsuitable  for  a  number  of 
reasons.  Tubes  previously  designed 
specifically  for  electrometer  serv¬ 
ice  were  too  bulky  and  in  addition 
required  prohibitively  large  fila¬ 
ment  currents  for  portable  equip¬ 
ment.  Smaller  and  more  conven¬ 
tional  types,  such  as  the  type  30, 
were  capable  of  serving  as  elec¬ 
trometers  if  specially  selected  and 
processed,  but  even  their  size  and 
filament  requirements  were  unde¬ 
sirably  large. 

EleetroiMter  Tube  Reqaircmcntt 

Considerable  experimentation  was 
carried  on  to  determine  the  feasi¬ 
bility  of  using  hearing-aid  tubes, 
but  results  were  on  the  whole  quite 
disappointing.  Very  few  of  them 
were  adequately  pumped,  with  the 
result  that  gas  current  was  prohi¬ 
bitively  high  for  the  exacting  re¬ 
quirements  of  electrometers.  Fur- 


Vent  of  less  than  10  amperes, 
and  (2)  the  filament  was  to  require 
no  more  than  10  ma  at  1.3  volts,  the 
arbitrarily  set  end-point  of  a  1.5 
volt  dry  cell.  The  advantages  of  a 
filament  capable  of  such  operation 
were  so  numerous  (one-month  op¬ 
eration  from  an  ordinary  fiashlight 
cell,  to  name  but  one)  and  it  was 
felt  that  the  time  and  effort  re¬ 
quired  to  develop  it  would  be 
justified. 

Several  requirements  for  such  a 
filament  followed  immediately  from 
the  10-ma  specification.  (1)  It 
must  have  a  high  specific  resistance 
and  the  minimum  possible  cross- 
section  to  achieve  the  130  ohms 
resistance  necessary  within  the 
length  allowable.  (2)  Oxide  coat¬ 
ing  of  some  sort  was  a  necessity 
because  adequate  emission  could 
not  possibly  be  secured  otherwise 
with  the  filament  power  available 
(normally  13  mw).  (3)  The  com¬ 
position  of  the  wire  must  be  such 
as  to  yield  adequate  emission  in 
combination  with  the  oxide  coating. 


Characteristics  of  Tube 


Experiments  finally  produced  a 
filament  with  a  nickel-chrominum 
base  wire  and  an  oxide  coating  of 
equal  parts  of  barium  and  stron¬ 
tium  carbonate,  all  commercial  fila¬ 
ment  mixes  having  proved  unsatis¬ 
factory  for  one  reason  or  another. 
The  wire  base  is  the  smallest  that 
can  be  commercially  drawn,  having 
a  diameter  of  approximately  0.0004 
in.  An  idea  of  the  minute  size  of 
the  wire  can  be  gained  by  dropping 
a  length  of  it;  even  after  coating,  it 
floats  downward  like  a  spiderweb. 

Mounting  such  a  filament  in  the 
tube  requires  highly  skilled  opera¬ 
tors  and  is  the  most  difficult  step 
in  the  assembly  process.  Not  only 
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IN  MILLIAMPERES 


FIG.l — (A)  Diode  characteristics  with  both  grids  connected  to  plate  indicate  cathode 
emission  characteristic.  (B)  With  10  milliamperes  filament  heating  current,  250  micro¬ 
amperes  first  (space  charge)  grid  current,  and  10  microamperes  plate  current,  this 
second  (control)  grid  input  characteristic  is  obtained 
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voltage  across  the  chamber  and  cate  this  leakage  between  gas  cur- 
capacitor;  this  function  is  per-  rent  and  leakage  current,  but  the 
formed  by  the  electrometer  tube.  fact  that  the  drift  rate  is  nearly 

constant  from  one  end  of  the  scale 
to  the  other  indicates  that  most  of  it 
must  be  gas  current.  If  it  were  all 
due  to  leakage  current  the  amount 
of  leakage  resistance  (assuming 
the  chamber  fully  charged)  would 
be  given  by  24/(4.15  X  10““),  or 
6  X  10“  ohms,  approximately.  It 
is  safe  to  assume  that  it  is  at  least 
ten  times  this  amount,  or  nearly 
one  million  million  megohms. 

The  charging  circuit  for  the 
chamber  is  of  some  interest.  Apart 
from  the  24  volts  necessary  to 
charge  the  chamber,  the  entire  in¬ 
strument  can  be  operated  from  a 
6-volt  supply.  This  supply  is  made 
7.5  volts  to  allow  for  aging  of  bat¬ 
teries,  and  is  furnished  by  five 
flashlight  cells.  To  step  this  voltage 
up  to  24  volts,  current  is  momen¬ 
tarily  passed  through  a  small 
choke  loaded  with  a  resistor.  The 
voltage  pulse  developed  when  the 
current  starts  is  ignored.  When 
fhe  current  through  the  choke  is 
suddenly  interrupted,  the  voltage 
which  will  appear  across  the  choke 
can  be  made  any  value  desired,  up 
to  a  few  hundred  volts,  by  properly 
proportioning  the  shunt  resistor. 
To  a  first  approximation  (neglect¬ 
ing  the  effect  of  the  resistance  of 
the  choke)  the  ratio  between  supply 
voltage  and  developed  voltage 
equals  the  ratio  of  the  series  resis¬ 
tor  to  the  shunt  resistor.  Because 
the  capacitance  of  the  grid  circuit 
chamber  requires  only  a  minute 
charging  current  it  will  be  charged 
nearly  to  the  full  voltage  developed 
across  the  choke. 


Estimate  of  Leakage  Resistance 

It  is  obvious,  that  for  such  an 
instrument  to  perform  successfully 
the  leakage  resistance  across  the 
capacitor,  chamber,  and  electro¬ 
meter  tube  must  be  almost  infinite, 
and  gas-current  in  the  electrometer 
almost  Jcero.  Some  idea  of  the 
magnitude  of  these  requirements 
may  be  had  by  considering  the  per¬ 
formance  of  these  instruments  as 
produced. 

The  total  capacitance  of  the 
chamber,  capacitor,  and  electro¬ 
meter  grid  is  about  100  micro¬ 
microfarads.  This  capacitance  is 
charged  to  —24  volts  initially  and 
when  discharged  (a  condition  that 
represents  twice  the  maximum 
daily  tolerance  dose)  this  poten¬ 
tial  drops  to  —6  volts.  In  the  ab¬ 
sence  of  radiation  the  meter  will 
move  two  percent  of  full  scale  per 
day.  This  drift  of  course  includes 
the  effect  of  the  background  of  cos¬ 
mic  radiation  which  is  present  at  all 
times  everywhere,  but  by  assuming 
this  equal  to  zero  we  can  arrive 
very  simply  at  an  upper  figure  for 
leakage  and  gas  current. 

Daily  drift  corresponds  to  two 
percent  of  24  volts  minus  6  volts, 
or  a  voltage  change  of  0.36  volt 
per  day  across  100  micromicrofa¬ 
rads.  Because  Q  =  CE  (where  Q  is 
charge  on  capacitance  C  at  poten¬ 
tial  E),  this  voltage  change  repre¬ 
sents  a  loss  of  charge  of  36  micro¬ 
microcoulombs  per  day,  which  is 
equivalent  to  a  current  of  4.15  X 
10““  ampere.  It  is  difficult  to  allo- 


Accumulated  aifect  of  x-ray  radiation  is 
indicated  diroctiy  in  millirMntgens  by  this 
instrument;  midscale  indicates  daily  safe 
exposure.  Figure  4  is  the  circuit 


tion  is  quite  simple,  but  consider¬ 
able  refinement  of  manufacturing 
technique  was  required  to  produce 
the  instrument  successfully  because 
of  the  tremendously  high  resistance 
which  must  be  maintained. 

The  shell  on  top  of  the  instru¬ 
ment  is  a  sealed  ionization  chamber 
containing  a  nonionizable  capacitor 
and  an  electrometer  tube  operated 
as  an  inverted  triode.  The  capaci¬ 
tor  is  charged  by  a  device  which 
will  be  described  later,  and  supplies 
the  collecting  voltage  for  the  ioniza¬ 
tion  chamber.  In  the  absence  of 
radiation  no  ions  are  produced,  and 
the  charge  on  the  capacitor  re¬ 
mains  unchanged.  When  radiation 
strikes  the  chamber,  however,  the 
capacitor  will  lose  its  charge  by  an 
amount  directly  proportional  to  the 
total  quantity  of  radiation  received. 
Thus  to  measure  the  total  amount 
of  incident  radiation  it  is  only 
necessary  to  measure  the  change  in 


FILAMENT  SWITCH 


fig.  3 — Circuit  of  portable  instrument  for  indicating  intensity 
of  low-loTel  radiation 


FIG.  4 — CumulatiTe  x-ray  radiation  is  indicated  by  this  direct 
reading  integrating  meter 
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control-grid  lead  to  isolate  it  from 
the  Remaining  leads.  With  the 
advent  of  silicone  water  repellant 
substances,  however,  a  much  more 
satisfactory  solution  to  the  problem 
was  obtained  by  coating  the  tube 
base  around  the  control-grid  lead 
with  a  silicone  preparation  and 
baking  this  on  at  high  temperature. 
The  resulting  grid-circuit  input 
resistance  is  of  the  order  of  10“ 
to  10“  ohms,  and  strongly  resists 
anything  but  direct  contamination 
by  dirt  or  fingerprints.  Even  when 
the  surface  has  been  contaminated, 
it  can  be  restored  very  simply  by 
washing  with  alcohol  and  distilled 
water,  using  a  soft  brush,  and  bak¬ 
ing  in  an  oven  for  a  short  period 
at  about  100  C. 

The  VX-41,  as  finally  developed, 
easily  met  reQuirements  for  low 
gas  current  originally  imposed.  A 
graph  showing  control-grid  current 
for  the  electrometer  connection  is 
given  in  Fig.  IB.  This  curve  is 
for  an  average  tube;  selected  speci¬ 
mens  will  have  grid  current  of  one- 
tenth  to  even  one-hundredth  the 


amount  shown  in  the  curve.  Fur¬ 
thermore,  great  improvement  can 
be  had  in  this  respect  by  operating 
the  tube  at  an  even  lower  plate 
voltage  than  the  six  volts  used 
here ;  operation  with  only  four 
volts  on  the  plate  gives  a  very  sig¬ 
nificant  reduction  in  grid  current. 

Grid  current  in  the  inverted  tri- 
ode  connection  is  as  small  as  in 
the  electrometer  connection,  be¬ 
cause  here  again  the  element  next 
to  the  cathode  is  operated  at  a 
positive  potential,  and  serves  to  re¬ 
turn  positive  ions  to  the  filament. 

Application  to  Radiation  Meters 

Because  our  primary  concern  is 
the  measurement  of  radiation  and 
radioactivity,  the  uses  to  which 
these  tubes  were  first  put  were 
in  this  field.  The  first  instrument 
designed  using  the  VX-41  was  a 
sensitive  portable  radiation  meter, 
a  simplified  circuit  of  which  is 
shown  in  Fig.  3.  The  ionization 
chamber  in  the  input  circuit  of  the 
first  tube  consists  of  a  cylindrical 
metal  tube  with  very  thin  walls. 


and  with  a  center  electrode  mounted 
coaxially  and  insulated  from  the 
shell.  A  potential  of  45  volts  "be¬ 
tween  these  two  is  sufficient  to  col¬ 
lect  all  the  ions  produced  in  the 
chamber  by  the  low-intensity  radia¬ 
tion  that  this  device  was  designed 
to  measure.  The  third  tube  in  the 
circuit,  the  VX-32,  was  designed 
specifically  as  a  current  amplifier 
to  operate  a  meter.  It  has  an  ampli¬ 
fication  factor  of  only  1.5  and  the 
relatively  high  mutual  conductance 
of  150  jLimhos,  and  as  it  is  pumped 
.and  insulated  in  exactly  the  same 
manner  as  the  VX-41  it  can  itself 
be  used  as  an  electrometer,  with 
somewhat  greater  sensitivity  than 
the  VX-41,  where  more  grid-cur¬ 
rent  can  be  tolerated.  Grid-current 
in  the  VX-32  is  about  ten  times 
that  in  the  VX-41. 

It  will  be  noted  that  one  45-volt 
B-battery  supplies  both  plate  and 
filament  current  for  the  entire 
amplifier,  at  a  total  drain  of  some¬ 
what  less  than  11  ma.  The  use  of 
a  single  battery  simplified  the  re¬ 
placement  problem  tremendously. 
In  the  actual  instrument,  the  on-off 
switch  carries  a  battery  test  posi¬ 
tion  whereby  it  is  possible  to  set  the 
filament  current  at  exactly  10  ma; 
when  this  can  no  longer  be  done 
the  battery  is  replaced. 

The  radiation  meter  described 
above  measures  the  rate  at  which 
radiation  strikes  the  ionization 
chamber.  The  higher  the  radiation, 
the  greater  the  number  of  ions 
produced,  the  greater  the  current 
through  the  high  input  resistor, 
and  the  greater  the  voltage  across 
it.  However,  because  the  effect  of 
high-voltage  radiation  such  as 
x-rays  on  the  human  body  is  cumu¬ 
lative,  a  device  which  will  indicate 
the  total  amount  of  radiation  re¬ 
ceived  in  a  given  location  is  of 
prime  importance.  X-ray  techni¬ 
cians  and  cyclotron  operators,  for 
example,  are  exposed  to  varying 
amounts  of  radiation  in  the  course 
of  a  day.  By  the  use  of  an  instru¬ 
ment  which  indicates  total  quantity 
of  radiation  it  is  possible  to  moni¬ 
tor  the  location  in  which  the  opera¬ 
tors  work,  and  make  sure  the  total 
amount  of  radiation  received  in  one 
day  does  not  exceed  the  tolerance 
dose.  Such  a  device  is  the  protexi- 
meter,  shown  in  a  photograph  and 
in  Fig.  4.  The  principle  of  opera- 
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TIMER 

for  Diecasting  Machine 


Accuracy  and  efficiency  of  diecasting  with  aluminum  and  zinc  is  obtained  by  an  electronic 
timer  that  determines  the  interval  between  the  shot  or  molding  action  and  the  ejection  of 
.  •  the  casting  from  the  mold 


By  6ERALD  DtLONG 

Cannon  Electric  Equipment  Co. 
Lot  Angelet,  California 


ELECTRICALLY  OPERATED 
4 -WAY  HYDRAULIC  VALVE 
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TIMING  UNIT 


POWER  SUPPLY  FOR  25  TIMERS 


Circuit  of  on*  timing  unit  and  the  common  power  eupply 


C4NN0N  Electric  diecasts  for 
other  firms  such  parts  as  rol¬ 
ler-skate  wheels,  crank-cases,  pis¬ 
tons,  cylinder  heads  and  parts  for 
motor  scooters.  The  precision  re¬ 
quirements  of  these  diecastings  in¬ 
volve  exacting  tolerances,  and  the 
normal  human  variations  of  an  op¬ 
erator’s  timing  of  the  diecasting 
process  may  result  in  a  warped  or 
otherwise  imperfect  casting. 

Before  the  installation  of  the 
electronic  timing  unit  to  be  de¬ 
scribed  the  time  lapse  for  cooling  or 
setting  up  of  the  metal  in  the  mold 
was  controlled  arbitrarily  by  each 
operator.  If  the  operator  were  on 
piece  work  a  tendency  frequently 
developed  whereby  the  operator 
opened  his  machine  as  quickly  as 
possible  after  each  shot.  On  the 
other  hand,  if  the  operator  were 
fatigued  or  his  sense  of  timing  slow 
he  might  allow  excessive  time  to 
elapse  before  he  opened  the  mold 
and  ejected  the  casting. 

Tests  proved  that  this  interval 
was  a  critical  constant  for  a  given 
type  of  mold.  Any  significant  de¬ 
crease  in  the  arbitrary  interval 
value  (reduction  of  0.1  second  or 
more)  resulted  in  a  plastic  deforma- 
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Individiial  Timtrs 


Divcaiting  machine  for  aluminum  and  line.  Automatic  control  of  the  cooling  period 
of  the  metol  in  the  mold  is  obtained  by  a  decoy  circuit 


tion.  Greater  tendency  for  cold- 
flow  warping  during  machining  was 
also  evident. 

In  developing  the  timing  unit,  it 
was  found  that  in  most  thyratrons 
the  grid  does  not  have  complete 
control  over  the  plate  current;  it 
can  initiate  the  flow  of  current  yet 
has  no  power  to  stop  the  flow  once 
it  has  begun.  In  the  type  selected, 
the  control  grid  controls  the  flow  of 
current  between  cathode  and  plate 
and  can  be  biased  to  cutoff  without 
removing  the  plate  voltage. 

Circuit  Operation 

A  negative  potential  up  to  200 
volts  may  be  applied  to  the  control 
grid  of  the  tube.  This  can  be 
drained  off  to  ground — in  this  in¬ 
stance  through  a  variable  resistor 
to  ground — until  the  voltage  ranges 
from  S%  to  0.9  volts  at  which  point, 
depending  upon  the  performance  of 
the  individual  tube,  the  tube  fires. 
To  restore  the  tube  to  noirmal,  high 
negative  bias  voltage  is  applied  to 
the  grid. 

In  the  cycle  of  operation,  the  op¬ 
erator  closes  the  diecast  mold,  and 
pours  molten  metal  from  a  ladle 
into  the  machine.  He  then  steps 


on  the  foot  pedal  which  rams  the 
molten  metal  into  the  mold  at  high 
pressure  and  at  the  same  time 
closes  the  initiating  relay  on  the 
electronic  timer,  starting  the  tim¬ 
ing  cycle. 

The  contacts  of  the  initiating  re¬ 
lay  Li  normally  apply  the  bias  to  the 
control  grid  of  the  tube  and  the  tube* 
is  quiescent.  Operation  of  the  foot 
pedal  actuates  the  220-volt  relay 
coil  Li,  causing  the  bias  to  be  re¬ 
moved  from  the  tube,  allowing  ca¬ 
pacitor  C  to  discharge  slowly 
through  variable  resistor  R.  This 
resistor  allows  the  timing  cycle  to 
be  changed  from  0  to  18  seconds  as 
required  by  the  shop  foreman. 

When  the  negative  potential  at 
the  grid  decreases  to  the  proper 
value,  the  tube  fires.  The  fil  ing  of 
the  tube  causes  plate  current  flow 
to  operate  relay  Lj.  This  relay  in 
turn  operates  a  second  and  heavier 
solenoid  that  actuates  a  solenoid 
hydraulic  valve  to  open  the  diecast¬ 
ing  machine. 

When  the  machine  begins  to  open, 
the  operator  takes  his  foot  off  the 
pedal,  pulling  the  ram  back.  This 
also  removes  the  current  from  the 
coil  of  the  initiating  relay,  allowing 


Since  the  diecasting  machines 
turn  out  a  variety  of  products,  each 
machine  requires  its  own  timing 
control  unit,  and  25  timing  units 
are  installed  in  the  plant.  These  are 
assembled  in  one  central  rack  and 
fed  from  a  common  power  supply. 
The  removal  of  one  unit  does  not 
interfere  with  the  operation  of  the 
other  units. 

The  central  control  rack  is  fur¬ 
nished  with  a  door  that  is  kept 
locked  and  the  key  is  in  the  posses¬ 
sion  of  the  foreman  of  the  section. 
When  a  new  mold  is  set  up  in  one 
of  the  machines,  the  foreman  deter¬ 
mines  the  mold  curing  time,  and 
sets  the  variable  resistor  R  in.  the 
corresponding  timing  unit  for  the 
number  of  seconds  that  it  is  de- 
.sired  the  die  shall  remain  closed. 

The  operator  of  the  diecasting 
machine  closes  the  die  manually, 
pours  the  charge  of  metal  and  kicks 
the  foot  switch.  From  that  point, 
the  electronic  gear  takes  over,  times 
the  cycles,  opens  the  mold  and  re¬ 
turns  the  ram  to  its  original  posi¬ 
tion.  The  cast  piece  is  removed  and 
the  cycle  starts  over  again. 


The  central  control  rack  contains  25  timing 
units.  These  ore  only  accessible  to  the 
ioremon  oi  the  section  for  adiustment 


the  contact  arm  to  snap  back  and 
apply  the  bias  voltage  to  the  con¬ 
trol  grid  of  the  tube,  causing  the 
tube  to  cease  firing  and  complete 
the  cycle. 
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Experimental  C-R  Tubes 


Cutaway  drawing  of  back  of  Trichromoicope  thowa  how  three  guna  paint  three- 
colored  picture  on  emboaaed  moaoic  on  face  of  tube  (aeen  here  from  behind).  In 
experimentol  modeL  moaaic  (not  ahown  to  acalo)  covera  only  portion  of  tube'a  face. 
Section  of  moaoic  in  center  ia  ahown  much  enlarged 


Research  into  phosphors  and 
methods  of  reproducing  tele¬ 
vision  images  indicates  that  tele¬ 
vision  receivers  can  be  made  to  give 
bright,  detailed  images  in  either 
monochrome  or  polychrome. 

Many  experiments  now  in  prog¬ 
ress  would  not  ordinarily  be  dis¬ 
cussed  until  they  were  nearer  com¬ 
mercial  application.  However,  in 
view  of  present  engineering  and 
economic  discussions  on  the  possi¬ 
bility  of  translating  color  television 
into  a  public  broadcasting  service, 
it  seems  advisable  to  describe 
briefly  several  cathode-ray  tubes 
that  will  be  available  in  a  few  years. 
Thus  engineers  faced  with  the 
necessity  of  making  immediate  ex¬ 
ecutive  decisions  about  future  de¬ 
velopments  will  have  available  the 
facts,  not  only  of  presently  available 
means,  but  also  of  future  potentiali¬ 
ties  on  which  to  base  their  deci¬ 
sions. 

The  following  description  of 
tubes  and  equipment  is  based  on  a 
recent  tour  of  the  Allen  B.  DuMont 
Laboratories. 

Screen  Brightness 

To  increase  the  screen  brightness 
from  cathode-ray  tubes,  the  beam 
current  and  potential  can  be  in¬ 
creased.  Beam  current  is  limited  by 
the  size  of  the  focused  spot.  In 
large  tubes,  high  beam  currents  can 
be  used  because  the  absolute  size  of 
the  spot  that  will  just  cover  a  tele¬ 
vision  picture  element  is  large.  Thus 
a  bright  picture  can  be  produced 
from  a  large  directly  viewed  tube. 

When  beam  potential  is  increased, 
so  also  are  difliculties  and  danger 
from  the  high  voltages,  and  there 
may  be  production  of  x-rays  by 
high-velocity  electrons.  Moreover, 
effectiveness  of  the  high  beam  po¬ 
tential  in  projecting  electrons  at 
high  velocities  onto  the  phosphor  of 
the  screen  is  partially  counteracted 
by  the  space  charge  that  accumu¬ 
lates  at  the  screen.  To  realize  the 
full  possibilities  of  a  high  beam  po¬ 
tential,,  it  is  therefore  desirable  to 
remove  as  fast  as  possible  the  elec¬ 
trons  that  reach  the  screen. 


This  removal  can  be  done  by  pro¬ 
viding  a  metallic  backing  to  the 
phosphor  screen.  The  metallic  back¬ 
ing  has  to  be  thin  enough  not  to 
slow  down  the  beam  electrons,  but 
thick  enough  to  provide  a  conduc¬ 
tive  surface  over  which  electrons 
can  move.  Also,  if  it  is  optically  flat, 
the  backing  can  be  used  to  reflect 
forward  the  light  given  off  into  the 
tube,  by  the  phosphor,  which  would 
otherwise  be  wasted.  Both  actions 
of  the  metallic  backing  increase  the 
efficiency  of  the  tube.  The  backing 
is  aluminum  vaporized  onto  a  flat 
intermediate  surface  produced  by 
an  organic  coating  deposited  on  the 
phosphor.  The  organic  coating  is 
then  evaporated,  leaving  a  mirror 
surface  supported  on  the  tips  of  the 
crystalline  phosphor. 

A  12-inch  cathode-ray  tube  using 


a  medium-persistance  (P4)  stand¬ 
ard  white  phosphor  that  gave  20 
foot-lamberts  at  10,000  volts  with¬ 
out  the  aluminum  screen  backing 
gives  300  foot-lamberts  at  20,000 
volts  with  an  aluminum  backing. 
Intense  ambient  lighting,  150  foot- 
candles  of  incident  floodlighting, 
completely  washed  out  the  picture 
on  the  dim  tube  but  did  not  destroy 
the  visibility  of  the  picture  from 
the  bright  tube.  Even  1,000  foot- 
candles,  comparable  to  direct  sun¬ 
light,  did  not  completely  wash  out 
the  brighter  picture. 

The  life  of  such  a  bright  picture 
tube  is  not  materially  reduced  be¬ 
cause  the  electrons  penetrate  more 
deeply  into  the  phosphor  (as  a  con¬ 
sequence  of  the  prompt  removal  of 
electron  charge  by  the  metallic 
backing)  than  in  the  unbacked 


112 


March.  1947  —  ELECTRONICS 


for  TELEVISION 

Several  new  types  of  cathode>ray  tubes  for  television  receivers  are  in  development;  a 
tube  having  a  screen  brightness  of  300  foot  lamberts  for  monochrome  receivers,  a  pro¬ 
jection  tube  and  a  direct  viewing  tube  both  for  polychrome  receivers,  and  a  tube  having 
a  very  fast  response  phosphor  for  use  in  Photovision  relaying 


AUDIO 

- . 


tube  and  thus  cause  less  burning  of 
the  phosphor.  The  distribution  of 
gun  potentials  in  the  tube  is  modi¬ 
fied  to  take  advantage  of  the  greater 
obtainable  contrast.  In  an  unbacked 
screen,  the  negative  charge  would 
become  greatest  at  places  of  great¬ 
est  brightness,  thus  preventing 
further  bombardment  of  that  spot 
in  an  effort  to  make  it  brighter — a 
saturation  effect.  In  the  metallically 
backed  screen,  such  saturation  is 
greatly  reduced  so  that  much 
greater  brightness  contrast  is 
available  at  the  receiver.  This  type 
tube  is  going  into  production. 

Flicker 

For  the  received  television  pic¬ 
ture  to  be  observable  without 
fatigue  in  a  normally  illuminated 
room,  the  picture  must  be  repro¬ 
duced  at  a  brightness  level  well 


above  the  ambient  light  level.  There¬ 
fore  the  trend  in  developing  cath¬ 
ode-ray  tubes  for  television  receiv¬ 
ers  has  been  toward  producing  the 
brightest  possible  picture.  So  far, 
a  picture  so  bright  that  flicker 
(which  becomes  more  noticeable  as 
the  viewed  picture  becomes 
brighter)  would  become  apparent 
with  the  standard  repetition  rate 
of  60  fields  a  second  doubly  inter¬ 
laced  to  give  30  full  frames  a  sec¬ 
ond  has  not  been  commercially  pro- 
ducable.  But  with  300  foot-lamberts, 
some  flicker  is  apparent  under  some 
conditions. 

The  duration  of  persistence  of 
vision  decreases  relatively  as  the 
object  brightness  increases.  Thus, 
for  a  fixed  rate  of  picture  interrup¬ 
tion,  there  is  a  limit  to  the  bright¬ 
ness  that  can  be  used  in  reproduc¬ 
ing  the  picture  before  flicker  be¬ 


comes  apparent.  Also,  the  closer  the 
viewer  is  to  the  picture  (more  cor¬ 
rectly,  the  greater  the  angle  sub¬ 
tended  by  the  picture  at  the  eye), 
the  more  noticeable  is  any  flicker. 
But  the  greater  the  ambient  illumi¬ 
nation  the  less  apparent  is  the 
flicker. 

There  are  several  types  of  flicker 
produced  by  television  pictures. 
Monochrome  pictures  are  repro¬ 
duced  60  times  a  second.  Thus  there 
is  a  field  repetition  rate  flicker  in 
which  the  whole  picture  is  seen  to 
fluctuate  in  brightness,  usually  in 
an  observable  motion  with  the 
scanning  pattern.  In  addition,  be¬ 
cause  two  different  fields  are  being 
reproduced  by  the  double  interlace 
form  of  scanning,  there  is  a  fine  de¬ 
tail  or  interlace  flicker  in  which 
•  sharp  edges  and  other  small  details 
comparable  in  size  to  a  single  pic- 


laboratory  PhotOTision  setup  shows  the  eleeients  of  the  system.  Liqht  serring  os  the  transmission  media  for  Tideo  and  audio  signals 
is  generated  (leit)  in  two  separate  cathode*ray  tubes  and  focused  by  lenses.  Two  spots  on  one  tube  could  be  used  lust  as  weU. 
At  receWer,  (right)  lenses  coUect  transmitted  light  and  focus  it  on  electron  multiplier  photoubes.  Large  lenses  are  used  experimentally 
to  simplify  alignment  of  optical  system.  Black  boxes  indicate  simplicity  and  compactness  of  electronic  circuits 


ture  element  are  seen  to  vibrate  be¬ 
tween  adjacent  lines,  one  line  in 
each  of  the  two  interlaced  fields, 
at  the  30-cps  rate  of  the  full  frame. 
This  latter  form  of  flicker,  being 
the  slower  of  the  two,  is  the  first  to 
be  noticed. 

For  conditions  that  make  flicker 
most  apparent,  close  viewing  dis¬ 
tance  and  low  ambient  illumination, 
interlace  flicker  is  apparent  in  a 
picture  reproduced  on  the  experi¬ 
mental  12-inch  tube  at  brightnesses 
hbove  about  300  foot-lamberts. 
However,  an  ambient  lighting  of 
about  100  foot-candles  and  a  view¬ 
ing  distance  of  about  three  feet 
(five  times  the  picture  height) 
counteract  the  interlace  flicker  at 
this  picture  brightness.  In  other 
words,  for  a  norn\ally  lighted  room 
and  a  viewing  distance  that  would 
permit  several  people  to  watch  the 
screen,  no  flicker  is  apparent.  Of 
course  the  picture  brightness  could 
be  reduced  by  the  viewer  to  a  level 
appropriate  to  the  conditions  under 
which  it  is  viewed.  As  the  ambient 
illumination  increases,  picture  con¬ 
trast  decreases  because,  although 
the  white  becomes  whiter  and  the 
black  becomes  less  black,  the  ratio 
of  the  brightnesses  of  the  white  to 
the  black  decreases. 

Tubes  for  Color  Television 

Polychrome  pictures  can  be  re¬ 
produced  brightly  as  a  result  of 
development  of  colored  phosphors. 
Phosphors  that  give  saturated  pri¬ 
mary  colors  at  high  brightness,  and 
thus  eliminate  the  light  losses  of 
filters,  have  been  developed.  In  ad¬ 
dition,  the  elimination  of  the  filters 
simplifies  the  optical  system.  Fur¬ 
thermore,  the  use  of  separate  col¬ 
ored  phosphors  in  a  sequential  color 
scanning  system  makes  it  possible 
for  the  individual  phosphors  to  have 
a  decay  characteristic  about  as  long 
as  for  a  simultaneous  system,  thus 
increasing  the  available  light  from 
the  sequentially  reproduced  picture 
and  decreasing  the  degree  of  flicker. 
But  increasing  the  decay  time  of 
the  phosphors  in  an  effort  to  in¬ 
crease  the  brightness  would  tend  to 
accentuate  the  color  breakup  inher¬ 
ent  in  the  sequential  system. 

By  using  a  multigun  cathode-ray 
tube  and  by  dividing  the  screen  into 
several  preferably  equal  rectan¬ 
gular  areas,  each  area  being  coated 


by  a  different  phosphor,  a  single 
tube  serves  for  the  three  tubes  re¬ 
cently  used  in  demonstrating  sim¬ 
ultaneous  polychrome  television.  Of 
course  the  same  tube  could  be  used 
in  a  sequential  system  by  electronic¬ 
ally  switching  from  gun  to  gun  in 
accordance  with  the  color  sequence ; 
however,  the  picture  would  not  be 
as  bright  in  this  case  as  in  simul¬ 
taneous  operation.  In  either  case, 
lenses  project  the  primary  pictures 
onto  a  viewing  screen.  The  indi¬ 
vidual  color  rasters  can  be  posi¬ 
tioned  electronically  to  register 
them.  No  crosstalk  is  encountered 
between  the  several  electrostatic 
deflection  systems  of  the  several 
electron  guns. 

In  the  laboratory  model  of  such 
a  tube,  four  guns  and  four  screen 
areas  were  provided.  In  addition  to 
the  three  primary  colors,  a  white 
was  added.  In  comparing  the  range 
of  colors  obtainable,  it  was  obvious 
that  the  addition  of  a  white  channel 
added  to  the.  range  of  colored  light 
values  that  could  be  reproduced, 
just  as  the  use  of  a  black  plate  in 
four-color  printing  adds  a  grada¬ 
tion  not  obtainable  if  only  primary 
colors  are  used.  The  use  of  a  dark 
(nonreflecting)  screen  would  ac¬ 
complish  much  the  same  result 
without  the  added  transmitted 
bandwidth  of  a  fourth  channel. 

For  direct  viewing,  the  Trichrom¬ 
oscope  produces  a  three-colored  pic¬ 
ture.  In  it,  three  guns,  each  modu¬ 
lated  by  one  of  the  three  color 
channels,  scans  the  screen  from  a 
different  angle.  The  magnetic  de¬ 
flection  yokes  of  all  three  guns  are 
driven  in  series  from  a  single  de¬ 
flection  generator  so  that  the  three 
beams  scan  in  perfect  synchronism. 
The  screen  surface  is  a  series  of 
three-sided  pyramids.  The  beam 
from  one  of  the  guns  strikes  but  one 
side  of  each  pyramid.  Those  sides  of 
the  pyramids  that  are  oriented  in 
the  same  direction,  and  are  there¬ 
fore  scanned  by  the  same  gun,  are 
coated  with  the  same  colored  phos¬ 
phor.  Thus  each  picture  element  on 
the  screen  of  the  cathode-ray  tube 
consists  of  three  separate  areas  of 
colored  phosphor.  Using  a  metal 
backing  for  the  screen  to  prevent 
secondary  electrons  from  one  phos¬ 
phor  from  exciting  adjacent  phos¬ 
phors  of  other  colors,  as  well  as  to 
prevent  loss  of  back  light  and  to 


conduct  away  the  charge  from  the 
screen,  600  foot-lamberts  of 
directed  brightness  are  expected 
from  this  tube.  Such  great  bright¬ 
ness  can  be  obtained  because  the 
pyramidal  mottling  gives  roughly 
three  times  the  surface  area  of 
phosphor  to  each  picture  element  as 
contrasted  with  a  plain-surfaced 
screen.  Flicker  would  be  noticeable 
using  this  brightness  at  present  re¬ 
petition  rates  if  the  tube  were 
viewed  from  short  distances. 

Eventual  economical  manufacture 
•of  the  Trichromoscope  in  commer¬ 
cial  quantity  is  as  much  a  factor  in 
engineering  its  development  as  the 
design  of  the  tube  itself.  The  screen 
is  shaped  for  test  models  by  an 
ultrasonic  engraving  technique.  A 
soft  die  with  the  pyramidal  pattern 
milled  on  it  is  coated  with  a  very 
fine  grinding  compound  and  placed 
on  a  plate  of  glass.  The  glass  and 
die  are  then  placed  in  an  ultrasonic 
vibrator.  So  much  energy  is  deliv¬ 
ered  to  the  interface  between  die 
and  glass  by  the  very  high  fre¬ 
quency  of  the  vibrator  despite  its 
low  amplitude  that  the  grinding 
compound  eats  into  the  hard  glass. 
The  die  must  be  enough  softer  than 
the  work  to  act  as  an  efficient  car¬ 
rier  of  the  grinding  compound.  The 
cross-knurled  pattern  of  pyramids 
is  such  that,  except  at  the  edges  of 
the  patterned  area,  it  is  the  same 
on  the  die  as  on  the  work,  so  no 
complicated  inversion  need  be  made 
in  machining  the  die. 

For  quantity  production  the  soft 
die  will  be  used  to  cut  a  hard  die, 
on  which  it  would  be  difficult  to  ma¬ 
chine  the  very  fine  pyramidal  pat¬ 
tern.  The  hard  die  will  then  be  used 
to  press  the  glass  face  for  the  cath¬ 
ode-ray  tube  just  as  other  intricate 
patterns,  such  as  diffraction  grat¬ 
ings,  are  pressed  into  glass.  At  the 
same  time  that  the  pyramidal  pat¬ 
tern  is  being  pressed  into  the  back 
side  of  the  glass,  a  multilens  pat¬ 
tern  can  be  pressed  on  the  front 
side.  With  individual  lenses  over 
each  pyramid,  the  light  from  the 
Trichromoscope  would  be  directed 
forward,  concentrating  most  of  the 
light  into  the  angle  from  which  the 
tube  would  normally  be  viewed.  (It 
is  undesirable  to  view  the  television 
receiver  screen  from  too  oblique  an 
angle  because  of  the  foreshortening 
of  the  figures.) 
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Phosphors  are  deposited  on  the 
faces  of  the  cathode-ray  tubes  by 
settling  from  suspension.  In  the 
Trichromoscope,  the  tube  is  so  ori¬ 
ented  in  the  phosphor  suspension 
that  all  the  faces  on  the  same  sides 
of  the  pyramids  are  horizontal.  The 
phosphor  then  settles  on  the  up¬ 
turned  faces  and  not  on  the  others. 
In  this  way  the  three  different  phos¬ 
phors  can  be  deposited  on  their  ap¬ 
propriate  sides  of  the  pyramids. 

PfcotovisioH  Tabes 

For  relaying  television  signals 
over  distances  up  to  five  miles 
(about  the  same  distance  between 
relay  stations  as  between  repeaters 
on  television  coaxial  links),  and 
where  line  of  sight  relay  paths  are 
obtainable,  Photovision  can  be  used. 
The  technique  is  to  modulate  con¬ 
tinuously  the  intensity  of  a  beam 
of  light  just  as  one  amplitude  modu¬ 
lates  a  radio-frequency  carrier  with 
the  video  or  audio  signal,  and  to 
project  the  beam  to  a  phototube  at 
the  receiving  station.  Basically  the 
technique  is  simple.  Practically  it 
has  been  used  for  telegraph  sig¬ 
nalling  by  the  Navy  for  years.  Ex¬ 
perience  has  shown  that  it  is  quite 
possible  to  transmit  audio  over  light 
beams  for  distances  of  five  miles 
despite  severe  weather  including 
fog  and  snow  storms.  But  to  modu¬ 
late  the  beam  with  a  video  signal 
at  upwards  of  six  megacycles  per 
second  has  required  some  research ! 

The  speed  of  response  of  phos¬ 
phors  had  to  be  made  quite  fast  for 
sequential  television  reproduction 
to  be  free  of  color  overlapping.  With 
the  experience  gained  in  develop¬ 
ing  such  fast-response  phosphors  it 
seemed  that  a  phosphor  might  be 
developed  that  would  have  fast 
enough  response  for  use  in  Photo¬ 
vision.  The  rapidity  of  response  of 
a  phosphor  can  be  increased  by  de¬ 
creasing  the  crystal  size  and  the 
screen  thickness,  and  by  increasing 
the  excitation  current  per  unit  area. 
Fortunately  high  beam  current 
density  is  compatible  with  the  re¬ 
quirement  for  great  brightness 
necessary  for  operation  weH  above 
the  system  noise  level.  However,  the 
high  currents  would  burn  the 
screen,  so  the  phosphor  is  deposited 
on  a  rotating  disc  which  is  driven 
by  an  induction  motor  througth  the 
glass  envelope  of  the  tube. 


If  a  aquarewave  (A)  ia  uaed  to  intenaity- 
modulate  a  phosphor,  the  light  output  (B) 
irom  the  phoaphor  will  ahow  finite  riae  and 
decay  times.  A  compensating  network  (C) 
can  be  introduced  into  the  intensity-modu¬ 
lating  amplifier;  it  adds  a  large  diiferen-  • 
tiated  spike  to  the  squarewove  (D),  with 
the  result  that  the  light  output  (E)  closely 
duplicates  the  waveshape  of  the  original 
input  signal 


Using  fast-response  zinc  oxide 
deposited  very  thinly  in  fine 
crystals,  a  sufficiently  fast-response 
screen  with  adequate  brightness 
was  obtained. 

The  rate  at  which  a  phosphor 
reaches  its  full  light  output  after 
inception  of  excitation  is  very  fast ; 
the  rate  at  which  it  stops  radiating 
light  after  excitation  ceases  is 
slower.  However,  the  excitation  and 
extinction  rates  are  not  so  different 
that  they  need  be  considered  sepa¬ 
rately  for  a  first  approximation. 
One  might  consider  the  phosphor 
as  having  a  limited  high-frequency 
response.  High  frequency  compen¬ 
sation  is  therefore  added  to  the  elec¬ 


trical.  circuit  to  counteract  the  in¬ 
adequacies  of  the  phosphor. 

The  Photovision  system  is  com¬ 
parable  with  coaxial  or  microwave 
relay  systems.  The  cathode-ray  tube 
light  modulator  replaces  the  com¬ 
plex  carrier  modulators  of  the  other 
relay  systems;  negligible  modula¬ 
tion  power  is  required,  A  lens  sys¬ 
tem  at  the  transmitter  focuses  the 
beam  to  an  electron  multiplier  type 
phototube  at  the  receiver  which  re¬ 
places  the  superheterodyne  prese¬ 
lector,  converter,  intermediate  am¬ 
plifier,  and  demodulator  stages.  Ad¬ 
ditional  video  amplification  is  used 
in-  all  relay  systems  to  bring  the 
signal  to  the  desired  working  level. 

Either  a  duplicate  system  can  be 
used  to  carry  the  voice  channel, 
different  phosphor  colors  (different 
carrier  frequencies)  can  be  used, 
or  the  voice  can  be  carried  on  a  sub- 
.  carrier  that  translates  it  above  the 
video  channel.  Either  of  the  first 
two  methods  could  be  used  to  carry 
the  extra  color  channels  of  simul¬ 
taneous  polychrome  television.  A 
messenger  signal  is  used  as  in  other 
transmission  systems  to  provide  a 
reference  signal  for  the  automatic 
gain  control  at  the  receiver  that 
compensates  for  variable  losses  of 
the  transmission  path.  Noise  in  the 
Photovision  system  is  very  low.  The 
transmitter  and  receiver  are  suffi¬ 
ciently  small  and  light  not  to  re¬ 
quire  an  elaborate  tower. 

One  of  the  complications  in  the 
development  of  a  workable  public 
television  service  is  the  difficulty  of 
providing  network  links  between 
.stations.  The  expense  of  producing 
television  shows  is  so  high  that,  un¬ 
less  an  audience  of  a  size  only  pro¬ 
curable  through  network  facilities 
can  be  reached,  the  cost  would  be  un¬ 
justified.  As  a  relay  technique  for 
forming  television  networks.  Photo- 
vision  can  also  be  used  to  advantage 
in  relaying  neighborhood  pickups 
back  to  the  studio,  and  in  supplying 
exclusive  television  transmissions 
to  motion  picture  theaters.  With  a 
distinct  possibility  that  the  micro- 
wave  spectrum  will  become  con¬ 
gested,  Photovision  offers  a  means 
of  line-of-sight  relaying  no  more 
limited  in  range  than  the  ultrahigh 
frequencies  and  with  such  greater 
directivity  that  the  number  of  links 
in  simultaneous  operation  in  an 
area  is  nearly  limitless. — F.R. 
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Garage-Door  Opener 


Typical  installation  oi  microphone  on  two-car  garage,  between  doors  (in  circle).  Drirer  pushes  button  on  dashboard  alter  turning 
into  driTewcry,  and  doors  are  open  by  the  time  the  car  reaches  them  ii  approach  is  made  at  normal  slow  speed 


indicated  the  presence  of  a  large 
number  of  ultrasonic  frequencies 
which  were  not  of  great  strength 
at  any  one  frequency,  but  gave 
small  responses  at  a  multitude  of 
frequencies  in  the  range  of  approx¬ 
imately  18,000  to  40,000  cycles. 

A  second  tuned  coil,  generally 
tuned  to  a  higher  frequency  than 
the  desired  signal,  is  inserted  in 
the  discriminator  circuit.  Any  sig¬ 
nals  received  in  this  circuit  are 
rectified  and  delivered  as  positive 
voltages  to  the  relay  circuit.  If  an 
undesired  ultrasonic  signal  is  re¬ 
ceived  at  the  discriminator  circuit 
which  contains  a  multitude  of  fre¬ 
quencies  as  generated  by  the  above- 


mentioned  ultrasonic  sources,  the 
resultant  d-c  output  will  be  zero  or 
predominantly  positive,  depending 
on  the  frequency  distribution,  and 
the  relay  will  not  operate.  The  re¬ 
lay  tube  circuit  is  thus  operative 
only  when  a  negative  voltage  of 
proper  amplitude  is  applied  to  the 
grid. 

The  d-c  voltage  obtained  from 
the  discriminator  circuit  is  applied 
to  the  grid  of  a  two-stage  double- 
triode  relay  control  tube.  Contained 
within  this  circuit  is  a  time-delay 
network  which  closes  the  relay  con¬ 
tacts  after  approximately  three 
seconds  of  steady  signal  reception. 
This  time  delay  is  necessary  to 


prevent  door  operation  by  tran¬ 
sient  ultrasonic  waves  and  sudden 
line  voltage  surges. 

The  relay  used  in  the  control 
has  a  low  armature  release  point, 
being  generally  50  percent  of  the 
pull-in  value.  This  is  required  be¬ 
cause  in  field  installations  a  large 
drop  in  line  voltage  occurs  when  the 
motor  operating  the  doors  is  run¬ 
ning  on  the  starter  winding.  This 
drop  in  some  cases  reduces  the  line 
voltage  from  120  volts  to  as  low  as 
80  volts  for  a  short  instant. 

Choice  of  Generator 

Various  methods  of  generating 
ultrasonic  waves  were  investigated 
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FIG.  1 — Complete  drcuit  oi  amplifier  used  in  supersonic  door-opening  system 
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The  control  system  described 
here  utilizes  sounds  above  the 
audible  frequency  range  for  the 
purpose  of  actuating  motor-oper¬ 
ated  garage  doors  from  a  remote 
position,  such  as  from  an  automo¬ 
bile  approaching  the  garage.  The 
system  consists  essentially  of  an 
ultrasonic  generator  mounted  on 
an  automobile,  an  electronic  ampli¬ 
fier  and  relay  system  mounted  in 
the  garage  directly  above  the 
doors,  and  a  microphone  installed 
outside  of  the  garage. 

Ultrasonic  Whistl* 

The  ultrasonic  generator  used 
in  the  system  consists  of  a  vacuum- 
operated  whistle,  mounted  together 
with  a  reflector  directly  behind  the 
front  grille  of  an  automobile.  The 
reflector  concentrates  the  ultra¬ 
sonic^  wave  directly  forward  and 
protects  ttie  whistle  from  rain, 
snow,  and  any  foreign  objects  which 
might  obstruct  the  sound  orifice. 

The  whistle  is  connected  to  the 
vacuum  system  of  the  vehicle  by 
means  of  a  rubber  hose,  and'  is 
turned  off  and  on  by  an  air  valve 
clamped  to  the  dashboard.  The  con¬ 
nection  to  the  vacuum  system  is 
generally  made  at  the  windshield 
wiper  mechanism  by  the  insertion 
of  a  T  pipe  between  the  main  vac¬ 
uum  line  and  the  windshield  wiper 


and  vacuum  whistle  hose  line.  When 
an  electric  windshield  wiper  is  used 
on  a  car,  the  vacuum  connection  is 
made  at  the  intake  manifold  after 
in^alling  a  suitable  fitting. 

The  amplifier  circuit  combination 
necessary  for  satisfactory  operation 


Ultratonic  generator  shown  here  is  only 
item  installed  on  cor.  Pushbutton  toIts  at 
top  is  mounted  on  dashboard,  and  ultra¬ 
sonic  whistle  at  right  is  installed  behind 
radiator  grille.  Unattached  lengths  oi  hose 
here  are  part  oi  original  windshield  wiper 
line  on  car 


is  given  in  Fig.  1.  A  voltage  ampli¬ 
fier  is  followed  by  a  triode  which 
serves  as  a  limiter.  Limiter  action 
takes  place  with  input  voltages  of  7 
mv  and  over.  The  limiter  is  neces¬ 
sary  because  it  is  desirable  to  intro¬ 
duce  into  the  discriminator  tube  cir¬ 
cuit  a  constant  voltage  regardless 
of  signal  intensity  variations  which 
can  be  caused  by  such  conditions 
as  the  position  of  the  automobile, 
wind  velocity  and  direction,  and 
any  other  factors  which  may  tend 
to  increase  or  decrease  the  ultra¬ 
sonic  intensity. 

The  amplified  and  limited  signal 
is  fed  into  a  discriminator  circuit 
which  selects  the  desired  signal  fre¬ 
quency,  rectifies  it,  and  places  a 
negative  d-c  bias  on  the  grid  of  the 
first  triode  section  of  the  following 
relay  circuit,  so  that  the  second  tri¬ 
ode  section  operates  the  relay  whose 
contacts  control  the  door-opening 
mechanism.  The  discriminator  also 
protects  the  control  system  from 
operation  by  unwanted  ultrasonic 
sources. 

Experiments  and  tests  indicated 
that  ultrasonic  waves  can  be  pro¬ 
duced  by  such  sources  as  jingling  of 
keys  and  coins,  rustling  of  tissue  or 
cellophane,  and  the  release  of  com¬ 
pressed  air  through  a  small  jet. 
Analysis  of  these  sounds  by  means 
of  heterodyne  ultrasonic  detectors 
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Giant  cyclotron  at  University 
of  California  uses  a  fre- 
j  quency-modulation  principle  to  ac¬ 
celerate  electrons  to  200  million 
electron  volts.  Protons  (hydrogen 
nuclei)  can  be  accelerated  to  350 
i  mev,  alpha  particles  (helium  nu- 
i  clei)  to  400  mev,  deuterons  (heavy 
hydrogen  nuclei)  to  200  mev. 

Electrically  charged  particles  that 
are  to  be  accelerated  are  projected 
into  the  1,600  cu  ft  accelerating 
chamber,  which  is  between  the  pole 
faces  of  the  magnet,  and  is  main¬ 
tained  at  a  vacuum  of  a  millionth 
of  a  millimeter  of  mercury  by  five 
stages  of  diffusion  pumping  fol¬ 
lowed  by  a  mechanical  pumping 
;  stage. 

Charged  particles,  in  circling  the 
i  chamber,  pass  the  gap  between  the 
half  drums  (dees).  A  peak  poten- 
!  tial  of  50,000  volts  across  this  gap 
■  accelerates  the  particles  as  they 
pass  from  the  left  dee  to  the  right 
!  one.  After  half  a  revolution,  the 
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F-M  CYCLOTRON 


Operating  at  about  10  me  and  to  be  used  in  atomic  energy  research,  world’s  largest 
cyclotron  accelerates  electrons  to  energies  comparable  to  those  of  cosmic  rays 


»  m  m 


At  main  control  position  ars  Tacuum  gagss,  intsrlock  lights, 
▼acuum-pump  flow  shoot,  shortworo  recoioor  for  monitoring 
osciilator,  ond  oscilloscopos  showing  oscillotor  froquoncy  and 
doo  potontial  against  timo 


Polo  lace*  of  cyclotron  oro  slightly  moro  than  IS  ft.  in  dlorn* 
oter.  Electromagnot  has  3.700  tons  of  stool  in  core.  300  tons 
of  coppor  in  winding,  consumos  500  to  600  kw  oxcitotion. 
Gap  is  20  In.  wldo 


Groundod-grid  oscillator  using  wator- 
coolod  9C21.  tho  loads  of  which  can  bo 
soon  proiecting  abovo  ring  of  vacuum* 
capacitors  thot  ground  the  grid,  dissipates 
50  kw  at  plate.  Roctiiier  in  grid  circuit, 
not  shown,  stops  damaging  grid  emission 


particles  return  from  the  right  dee 
to  the  left  one,  being  again  acceler¬ 
ated  because  the  potential  between 
the  dees  has  reversd  polarity.  As 


the  electrons  move  faster  they 
travel  in  larger  spirals  and,  because 
•of  their  relativistic  increase  in  mass 
(they  circle  the  chamber  about  10,- 
000  times  a  millisecond),  at  lower 
angular  velocities.  They  thus 
transit  the  gap  late  in  the  cycle 
and  are  not  accelerated.  To  com¬ 
pensate  for  this  phase  defect,  the 
frequency  at  which  the  potential 
across  the  dees  is  reversed  is 
lowered. 

In  this  cyclotron  the  oscillator 
used  to  charge  the  dees  is  frequency 
modulated  at  120  cps  between  12.5 
and  8.17  me  by  a  vacuum  capacitor 
with  24  teeth  on  its  rotor  passing 
at  300  rpm  between  forked  projec¬ 
tions  at  the  end  of  the  parallel-wire 
resonant  line.  The  change  in  ca¬ 
pacitance  loading  on  the  line 
changes  its  resonant  frequency. 
Charged  particles  are  accelerated 
during  the  half  of  the  modulation 
cycle  for  which  the  oscillator  fre¬ 
quency  is  decreasing. — F.R. 


T 


before  the  final  development  of  a 
vacuum  whistle  for  this  purpose. 
The  first  method  considered  was 
the  use  of  quartz  crystals  similar 
to  those  used  in  underwater  sig¬ 
naling.  While  this  method  was  sat¬ 
isfactory  for  underwater  use,  the 
acoustical  difference  between  quartz 
and  air  proved  too  great  for  effi¬ 
cient  sound  generation  in  air.  The 
associated  electronic  oscillator 
equipment  required  in  conjunction 
with  the  quartz  transducer  also 
proved  too  cumbersome  and  costly. 

The  second  method  involved  a 
magnetostriction  oscillator  using  a' 
nickel  rod  with  an  attached  piston. 
This  system,  as  in  the  case  of  the 
quartz  transducer,  required  an  elec¬ 
tron  oscillator  and  was  very  ineffi¬ 
cient  when  using  air  as  the  medium 
of  transmission. 

A  third  method  used  a  pressure- 
operated  air  whistle  constructed 
similar  to  a  Galton  whistle.  The 
frequency  of  this  whistle  was  de¬ 
termined  by  the  size  of  a  resonant 
cavity  which  was  placed  directly 
in  front  of  an  air  orifice. 

The  intensity  of  the  ultrasonic 
waves  produced  by  the  pressure- 
type  ultrasonic  whistle  was  satis¬ 
factory,  but  the  frequency  of  the 
whistle  varied  greatly  with  air  pres¬ 
sure.  Since  this  whistle  was  pres¬ 
sure-sensitive,  and  the  only  source 
of  air  pressure  was  from  a  cylinder 
of  the  vehicle  on  the  compression 
stroke,  an  air  regulator  would  be 
required  to  smooth  over  the  air 
pressure.  This  would  have  been  too 
costly  and  cumbersome. 


AmpliJier  unit  used  inside  garage 


in  Fig.  2,  the  whistle  is  composed 
of  three  important  parts,  an  air  ori¬ 
fice,  a  resonant  cavity,  and  a  vac¬ 
uum  connection.  The  wavelength 
corresponds  very  nearly  to  tjie  nat¬ 
ural  frequency  of  the  cavity,  which 
can  be  calculated  from  a/4  =  L  + 
0.3  d,  where  L  is  the  depth  and  d 
the  diameter  of  the  resonant  cavity 
in  millimeters,  and  a  is  the  wave¬ 
length  in  meters.  For  the  best  re¬ 
sults  the  depth  of  the  cavity  should 
not  exceed  twice  its  diameter. 

In  operation,  the  air  is  drawn 
through  an  orifice  and  the  resultant 
air  jet  is  projected  into  the  mouth 
of  a  cavity,  which  is  generally 


Whistle  Design  Data 

A  vacuum-type  ultrasonic  whistle 
was  developed,  and  is  now  being 
used  with  good  results.  As  shown 


AIR 

ORIFICE 


TO  VACUUM 
LINE 


RESONANT 

CAVITY 


FIG.  2 — Cross-section  oi  ultrasonic  generator  used  on  automobile.  Air  gap  between 
oriiice  and  resonant  caritj  is  adiusted  ior  high  signal  intensity  and  entire  assembly 
is  then  locked  and  soldered 


drilled  to  a  dimension  which  is 
one-quarter  wavelength  at  the  de¬ 
sired  sound  frequency.  Whistles 
have  been  constructed  experimen¬ 
tally  from  a  frequency  as  low  as 
5,000  cycles  to  as  high  as  45,000 
cycles.  Frequencies  above  20,000 
cycles  are ’being  used  for  this  par¬ 
ticular  door  control  application. 

Several  interesting  facts  were 
noted  while  this  whistle  was  under 
development.  Tests  indicated  that 
no  appreciable  change  in  frequency 
was  encountered  when  using  a 
given  whistle  on  various  vehicles 
which  had  vacuum  readings  vary¬ 
ing  from  15  to  19  inches.  The 
whistle  was  still  operative  even 
when  the  windshield  wiper  was  op¬ 
erated  simultaneously  with  the 
ultrasonic  whistle. 

A  change  in  frequency  is  noted 
when*  the  ultrasonic  whistle  sys¬ 
tem  is  subjected  to  ambient  temper¬ 
atures.  This  is  caused  by  the  fact 
that  the  velocity  of  sound  in  air 
changes  with  temperature.  The 
velocity  of  sound  in  air  at  any 
temperature  t  in  degrees  C  is  1,- 
087.5  -h  1.97f  feet  per  second.  The 
increase  in  velocity  per  degree 
centigrade  temperature  rise  is  ap¬ 
proximately  2  feet  per  second.  Be¬ 
cause  of  this  change  in  velocity  it 
was  necessary  to  provide  a  band¬ 
width  of  frequency  response  in 
order  to  obtain  satisfactory  opera¬ 
tion  despite  atmospheric  tempera¬ 
ture  changes. 

The  microphone  used  with  this 
system  consists  of  a  duralumin  dia¬ 
phragm  to  which  is  cemented  a 
type  PN  resonant  crystal.  This 
crystal  is  an  improvement  over  the 
Rochelle-salt  type  crystal  in  that  it 
will  withstand  high  temperatures 
such  as  are  encountered  in  full  sum¬ 
mer  sunlight  without  losing  its 
sensitivity.  The  diaphragm  is  sus¬ 
pended  in  such  a  manner  that  it  can 
vibrate  freely  at  ultrasonic  fre¬ 
quencies,  the  size  of  the  diaphragm 
being  varied  according  to  the  actual 
frequency  employed. 

Ultrasonic  control  as  described 
in  this  article  can  also  be  used  for 
other  control  purposes.  The  present 
application  seems  to  be  most  ap¬ 
ropos,  however,  since  the  vacuum 
generator  is  readily  applied  to  an 
automobile  and  the  general  public 
is  keyed  up  for  postwar  electronic 
pushbutton  apparatus. 


Ol 
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Piedeteimined  Counters 


Banks  of  ten-position  switches  permit  setting  electronic  counter  decades  to  actuate  a 
relay  after  any  desired  total  count.  Industrial  uses  include  batching,  counting,  timing, 
controlling  zipper-making  machines,  and  automatic  packaging  of  pills 


Compl«t«  four-tube  counter  decade,  which  deliTers  one  output  pulse  for  eeery 

ten  input  pulses 


WITH  the  ever-increasing  use 
of  high-speed  industrial  proc¬ 
esses  and  operations  there  has  de¬ 
veloped  a  great  need  for  control, 
counting,  sorting,  and  packaging 
equipment  to  keep  pace  with  highly 
efficient  manufacturing  standards. 
To  meet  this  need  there  are  now 
available  high-speed  predetermined 
counters  which  can  be  used  for 
automatic  control  of  machinery. 

Mechanically  operated  counters 
have  their  limitations  in  the  maxi¬ 
mum  speed  at  which  they  can  count 
(usually  less  than  10  per  second) 
and  the  fact  that  they  are  usually 
actuated  by  the  operation  of  a  ma¬ 
chine  rather  than  by  a  processed 
item.  Therefore  the  counter  contin¬ 
ues  to  register  even  if  the  machine 
runs  out  of  stock  or  fails  to  operate 
correctly. 

The  predetermined  counter  to  be 
described  can  readily  be  used  to 


count,  sort,  or  group  for  packag¬ 
ing  any  small  or  large  items  at 
rates  up  to  15,000  per  minute  in 
predetermined  quantities  from  1  to 
10,000  or  more  pieces.  Some  of  the 
products  which  could  be  so  counted 
are  pills,  buttons,  screws,  washers, 
caps,  sheet  steel,  machined  parts, 
and  even  liquids. 

By  way  of  illustration,  consider 
the  application  in  counting  and 
grouping  of  pills  for  packaging. 
Figure  1  indicates  how  a  predeter¬ 
mined  counter  is  used  to  count  a 
definite  number  of  pills  and  accur¬ 
ately  channel  the  quantities  into 
two  lines  of  bottles  on  a  moving 
conveyor  belt.  Pills  to-be  packaged 
are  placed  in  a  hopper  and  are  fed 
to  a  rotating  disc  and  belt  arrange¬ 
ment  which  is  designed  to  emit  pills 
in  single  file  at  rates  of  approxi¬ 
mately  250  per  second.  As  the  pills 
pass  through  the  light  beam  they 


cause  impulses,  representative  of 
quantity,  to  be  injected  into  the 
input  of  the  predetermined  counter. 

Assuming  that  the  desired  quan 
tity  in  each  bottle  is  100,  the 
counter  is  set  by  means  of  dials  to 
actuate  a  self-contained  high-speed 
single-pole  double-throw  relay  each 
time  account  of  100  is  reached.  The 
output  of  this  relay  actuates  a  sole¬ 
noid  which  moves  a  deflector  plate 
and  thereby  channels  the  pills  in 
quantities  of  100  alternately 
through  two  duct  channels.  The 
conveyor  belt  carries  the  empty 
bottles  in  two  lines  to  gates  which 
are  directly  under  the  ducts.  These 
gates  are  actuated  alternately  by 
the  same  impulses  which  control 
the  deflector  plate.  When  each  bot 
tie  has  been  filled  with  the  correct 
quantity  of  pills  the  respective  gate 
is  opened  and  the  bottle  is  permit 
ted  to  travel  along  the  conveyor  to 
the  capper. 

Single  Predetermined  Counters 

The  basic  unit  of  the  predeter 
mined  counter  is  the  four-tube 
counter  decade  described  in  detail 
in  June  1944  ELECTRONICS,  p  110 
which  will  register  a  count  from  1 
to  9  on  neon  bulbs  and  then  reset 
to  0,  and  will  provide  one  output 
pulse  for  every  10  input  pulses 
which  are  injected.  This  is  ac 
complished  in  a  binary  progression 
using  a  1-2-4-8  series. 

The  single  predetermined  counter 
consists  of  four  such  decades  in 
tandem,  four  wafer  preset  switches 
for  setting  the  predetermined 
count,  and  an  electronic  switch 
which  is  used  to  actuate  a  double 
pole  single-throw  output  relay.  The 
block  diagram  in  Fig.  2  indicates 
how  these  parts  are  functionally 
connected  together.  By  using  the 
four  decades  a  count  of  0  to  10,000 
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can  be  predetermined  simply  by 
setting  the  four  dial  switches  (each 
having  ten  positions  numbered  0  to 
9)  to  the  complement  of  the  desired 
number.  In  other  words,  if  an  oper¬ 
ation  is  required  to  take  place  at 
3333  counts,  the  number  which  is 
set  up  by  means  of  the  dial  would 
be  6667.  The  addition  of  3333 
counts  to  the  preset  number  of  6667 
makes  10,000,  which  is  the  maxi¬ 
mum  count  of  the  instrument  and 
therefore  actuates  the  electronic 
switch  for  control  of  the  operation. 
In  the  case  of  the  pill  counter  de¬ 
scribed  previously,  the  count  of  100 
was  achieved  by  setting  the  dial 
switches  to  9900. 

The  dial  wafer-type  switches 
serve  to  make  connections  to  the 
proper  grids  of  the  trigger  tubes, 
for  injection  of  the  pulses  needed 
to  give  a  predetermined  starting 
count  One  four-layer  wafer-type 
switch  is  required  for  each  decade, 
with  connections  as  shown  in  Fig. 
3.  The  preset  combination  of 
pulses  can  be  applied  automatically 
at  the  end  of  each  count  to  the 
common  terminals  of  all  switches, 
or  manually  by  means  of  the  preset 
button  located  on  the  front  panel. 

When  automatic  preset  is  used, 
the  output  pulse  from  the  last  dec¬ 
ade  is  used  to  trigger  a  pulse  gen¬ 
erator  which  supplies  a  positive 
pulse  to  the  required  grids  for 
starting  a  new  count,  as  determined 
by  the  setting  of  the  preset 
switches.  Manual  preset  is  accom¬ 
plished  by  closing  the  preset  switch, 
which  injects  a  positive  pulse  to 
the  selected  grids  as  in  the  auto¬ 
matic  reset. 

The  electronic  switch  which  con¬ 
trols  the  position  of  the  double¬ 
pole  single-throw  output  relay  is 
another  double-triode  trigger  stage 
«vith  a  neon  indicator  lamp  in  each 
plate  circuit.  At  the  end  of  each 
predetermined  count  these  two 
trigger  stages  are  alternately 
switched  from  conducting  to  non- 
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FIG.  1 — MeOiod  oi  using  single  predetermined  electronic  counter  for  counting 
pills  at  rate  of  154)00  per  minute  and  placing  exactly  the  correct  number  outo- 
matically  in  each  bottle  on  the  conreyor  belt 


FIG.  2 — Block  diagram  of  four-decade  single  predetermined  counter,  showing 
switches  and  lamps  set  for  starting  count  of  7803  as  required  for  batching 

oi  2197  units 


FIG.  3 — Switching  circuit  used  for  selection  oi  predetermined  count  on  one  decade 
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FIG.  4 — Ariancsment  for  automatic  con¬ 
trol  oi  slide  fastener  machine,  using  one 
predetermined  channel  to' control  the  num¬ 
ber  of  elements  inserted  in  the  fastener 
tape  and  using  the  second  predetermined 
channel  to  control  the  spacing  between 
sections  on  the  tape 


conducting,  thereby  controlling  the 
output  relay  and  the  neon  indicat¬ 
ing  lamps. 

The  predetermined  counter  is 
easily  applied  to  all  types  of  oper¬ 
ations  and  processes  requiring  split- 
second  control.  The  input  impulses 
may  be  derived  from  a  shaft  rota¬ 
tion,  the  interruption  of  a  photo¬ 
electric  light  beam,  reciprocating 
member  motion,  contact  closures, 
electromagnetic  field  disturbance, 
and  many  other  actions  which  are 
representative  of  counts.  The  fast¬ 
acting  output  relay  can  readily  be 
adapted  for  solenoid  control. 


DhoI  Predetermined  Connters 

Dual  predetermined  counters 
may  be  used  for  controlling  proc¬ 
esses  which  consist  of  two  different 
operations.  An  example  of  this 
type  of  application  is  high-speed 
control  of  zipper  manufacture,  il¬ 
lustrated  in  Fig.  4.  The  problem  is 
to  control  accurately  the  number  of 
metal  elements  and  the  spacing  be¬ 
tween  groups  of  elements  inserted 
in  the  continuously  moving  tape. 
These  two  operations  are  normally 
controlled  by  cams  or  gears,  which 
frequently  cause  errors  and  limit 
the  maximum  speed  of  operation. 

Since  the  dual  predetermined 
counter  is  designed  to  provide  alter¬ 


nate  switching  of  the  output  relay 
at  the  completion  of  each  of ,  two 
different  predetermined  counts,  this 
instrument,  can  be  readily  substi¬ 
tuted  for  the  cam  or  gear  control  in 
this  application.  In  practice  the 
number  of  zipper  elements  desired 
is  setw  up  in  one  channel  of  the 
counter  by  means  of  the  dial 
switches,  and  the  spacing  between 
the  groups  of  zippers  is  set  up  in 
the  other  counter  channel  by  means 
of  a  second  row  of  dial  switches. 
The  input  to  the  counter  is  derived 
from  a  shaft  rotation  which  cor¬ 
responds  to  the  insertion  of  a 
zipper  segment  or  to  an  equivalent 
space  on  the  fastener  tape. 

With  existing  types  of  zipper 
machines  it  is  necessary  to  change 
gears  or  cams  each  time  a  new  fas¬ 
tener  length  is  desired.  By  using 
a  dual  predetermined  counter  for 
control,  this  time-consuming  oper¬ 
ation  is  eliminated.  To  change  fas¬ 
tener  length  with  the  electronic 
control  it  is  necessary  to  change 
only  the  dial  switch  settings,  which 
can  be  accomplished  without  stop¬ 
ping  the  machine. 

The  dual  predetermined  counter 
employs  one  additional  preset 
switch  channel  and  amplifier,  as 
indicated  in  Fig.  5.  It  can  be  used 


to  control  any  two-step  continuous 
operation  by  actuating  a  control  at 
the  completion  of  each  of  two  pre¬ 
determined  counts  or  time  inter¬ 
vals.  Normally  this  model  will  con¬ 
trol  at  rates  up  to  12,000  per  min¬ 
ute.  Equipments  suitable  for 
higher  rates 'of  operation  are  also 
available. 

Applications 

For  accurate  counting  at  high 
speeds,  standard  counters  using  the 
decade  system  described  will  oper¬ 
ate  at  rates  up  to  a  million  per 
second  in  response  to  interruption 
of  a  photoelectric  light  beam,  clos¬ 
ing  of  contacts,  or  to  any  other  type 
of  actuator. 

Predetermined  counters  are  find¬ 
ing  wide  usage  in  high-speed  pack¬ 
aging  and  sorting  applications,  as 
well  as  *in  high-speed  manufactur¬ 
ing*  processes  which  require  split- 
second  actuation  of  controls.  This 
type  of  counter  is  now  being  used 
in  the  manufacture  of  zippers,  con¬ 
trol  of  tin  plate  processing,  packag¬ 
ing  of  many  different  types  of  small 
items,  and  hundreds  of  other  indus¬ 
trial  applications. 

When  used  as  an  interval  timer, 
a  crystal-controlled  oscillator  is  fed 
into  the  counter  by  an  electronic 


FIG.  5 — Block  diagram  of  dual  predetermined  counter  used  for  high-speed  con¬ 
trol  of  two  different  operations  that  occur  in  sequence  and  recycle  continuously 
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Single  predetennined  electronic  counter,  using  lour  counter 
decades  ond  one  bonk  6i  presetting  switches 


Dual  predetermined  electronic  counter,  with  two  banks  of 
presetting  switches  alternately  controlling  the  decades 


switch  or  gate  which  is  operated  by 
the  initiating  and  terminating 
pulses  from  a  time  interval.  If  a 
100-kc  crystal  is  used  as  the  stand¬ 
ard,  the  accuracy  of  measurement 
will  be  -t-0  and  —10  microseconds 
for  an  interval  as  long  as  desired. 
In  units  using  400-mc  or  1.6-mc 
oscillators,  the  accuracy  is  +0  and 
—  1  cycle  of  the  respective  crystal 
frequencies.  These  interval  timers 
are  no\v  in  use  by  the  armed  serv¬ 
ices  for  projectile  velocity  measure¬ 
ments. 

Preset  interval  timers  using  the 
same  principles  as  the  predeter¬ 
mined  counters  are  also  being 
supplied  for  the  generation  of 
precise  time  intervals  w’hich  are 
selected  by  means  of  dial  switches. 


The  electronic  counter  offers  a 
method  of  increasing  the  rate  of 
circuit  selection,  now  generally  ac¬ 
complished  by  stepping  relays  as  in 
dial-telephone  operation.  A  series 
of  rapid  pulses  may  be  transmitted 
over  a  line  for  almost  instantaneous 
selection  of  a  desired  circuit.  By 
the  use  of  totalizing  counter  cir¬ 
cuits  mentioned  previously,  these 
pulses  may  even  occur  simultane¬ 
ously. 

Counter  circuits  may  also  be 
used  in  the  many  places  where  fre¬ 
quency  dividers  are  required.  A 
distinct  advantage  is  the  fact  that 
the  divider  stops  when  the  control 
frequency  stops.  The  input  control 
•frequency  may  be  varied  from  100 
kc  down  to  zero  and  the  same  divi¬ 
sion  rate  will  be  accurately  main¬ 
tained.  The  counter  circuit  used 
as  a  frequency  divider  is  highly 
desirable  in  television  pulse  gener¬ 
ator  circuits  because  of  its  stability 
and  absolute  division  rate. 

By  use  of  the  predetermining 
features  described,  it  is  possible  to 
divide  any  input  frequency  by  any 
factor  established  by  means  of  pre¬ 
determined  dial  switch  settings. 

When  used  as  scaling  circuits 
and  counters  in  radiation  work, 
decades  with  a  resolving  time  of 
0.00001  second  are  available.  Count¬ 
ers  having  a  resolving  time  of 
0.000002  or  higher  can  also  be  sup¬ 
plied.  A  distinct  advantage  in  using 
this  type  of  decade  is  decimal  regis¬ 
tration  of  the  count,  not  available 
in  other  types  of  radiation  counters. 


total  output  or  the  average  rate 
per  machine.  The  totalizator  equip¬ 
ment  can  be  readily  used  for  this 
purpose  even  where  the  outputs 
occur  at  random  rates  and  counts 
occur  simultaneously. 

This  system  can  be  easily  applied 
to  newspaper  plants  for  obtaining 
an  up-to-the-second  count  of  the 
various  press  outputs.  It  can  also 
be  used  to  record  total  fluid  output 
by  totalizing  the  outputs  of  the  in¬ 
dividual  flowmeters.  Power  plants 
can  use  such  a  device  for  recording 
the  total  output  from  several  gen¬ 
erators  by  totaling  the  readings  of 
the  individual  wattmeters.  These 
are  but  a  few* of  the  thousands  of 
possible  applications  of  totalizator 
equipment. 

The  basic  part  of  most  calculat¬ 
ors  is  a  mechanical  counter  decade. 
Substitution  of  electronic  counters 
will  give  much  greater  speed  and 
may  provide  a  less  expensive 
method  of  adding,  subtracting,  di¬ 
viding,  and  multiplying,  especially 
in  business  uses. 

Although  not  specifically  de¬ 
signed  for  the  purpose,  the  prede¬ 
termined  type  of  counter  described 
is  in  reality  a  dividing  device.  In 
this  case  the  number  of  impulses 
injected  at  the  input  is  the  divi¬ 
dend,  the  complement  of  the  num¬ 
ber  set  by  the  dial  switches  is  the 
divisor,  and  the  number  of  output 
pulses  is  the  quotient.  The  totaliz¬ 
ing  circuits  mentioned  are  inher¬ 
ently  multiplying  and  adding 
devices. 


Totalizing 

An  instrument  has  been  devel¬ 
oped  which  is  capable  of  totalizing 
the  individual  outputs  of  many 
sources  occurring  at  random  times. 
This  system  has  already  been  ap¬ 
plied  to  a  pari-mutuel  betting  ma¬ 
chine  at  a  race  track  for  recording 
the  amount  of  money  bet  on  each 
horse  at  the  ticket  machines.  Since 
this  equipment  n^ust  also  convert 
the  $2,  $5,  $10,  and  $50  bets  into 
equivalent  dollars  for  totalizing, 
it  was  necessary  to  develop  circuits 
which  would  add.  and  multiply 
electronically. 

In  a  manufacturing  process 
where  many  machines  are  making 
the  same  product  at  varying  rates, 
it  is  often  desirable  to  know  the 
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Method  and  circuits  are  presented  for  pulsing  a  high  frequency  oscillator  so  that  all  waves 
are  of  the  same  amplitude.  Pulse  rate  is  variable  over  wide  limits  independently  of  oscil¬ 
lator  frequency.  Calibration  and  marking  of  sweeps  with  the  equipment  are  described 


An  improved  method  for  gen- 
, crating  a  train  of  sine  waves, 
in  which  the  first  cycle  is  identical 
to  the  following  cycles,  is  described. 
The  train  may  be  initiated  from  an 
outside  trigger  and  may  therefore 
operate  over  a  wide  range  of  pulse 
repetition  frequency.  Large  peak- 
to-peak  amplitudes  are  available 
requiring  but  small  power  input. 

Rapid  development  of  equip¬ 
ments  utilizing  pulse  techniques 
has  made  necessary  precise  meth¬ 
ods  of  time  measurement.  The 
cathode-ray  oscilloscope  using  slave 
sweeps  has  become  a  common  tool 
for  accurate  pulse  work*:*  *  *. 

Various  means  have  been  sug¬ 
gested  for  calibration  of  time 
bases  *■  *■  *.  The  method  described 
in  this  paper  provides  a  readily 
adjustable  means  of  generating  a 
sinusoidal  wave  train  of  uniform 
amplitude  under  control  initiated 
by  externally  applied  triggers. 

Pals*d  Resonant  Circuit 

The  most  elementary  type  of  sine 
wave  sweep  calibrator  is  shown  in 
Fig.  lA.  Operation  depends  on  the 
transient  oscillation  which  results 
from  sudden  interruption  of  a 
steady  current  fiowing  through  an 
inductance  shunted  by  a  capaci¬ 
tance.  Should  the  current  I,  be 
suddenly  cut  off  by  application  of  a 
negative  gate  to  the  triode  grid,  an 
oscillatory  voltage  appears  across 
the  capacitance  such  that 


CHARACTERISTICS 

The  method  described  in  this  paper 
for  generating  a  recurrent  finite  train 
of  sine  waves  has  the  following  char¬ 
acteristics: 

Wave  train  may  be  initiated  by  an 
external  trigger 

First  cycle  of  the  sweep  marker 
train  has  the  same  amplitude  as  suc¬ 
ceeding  cycles 

Any  number  of  cycles  in  the  train 
may  bn  produced  by  adjustment  of 
a  single  control 

First  cycle  is'  delayed  by  less  than 
half  a  microsecond  with  respect  to 
the  trigger  pulse 

Frequency  of  waves  in  the  train  can 
be  20  me  and  higher  and  still  have 
sufficient  amplitude  for  direct  de- 
.  flection  of  a  five-inch  cathode-ray 
tube  beam  or  for  direct  intensity 
modulation 

Plate  current  consumption  of  the 
generator  circuit  proper  can  be  less 
than  ten  mitliamperes  at  ISO  volts 

Frequency  of  the  waves  in  the  train 
may  be  continuously  variable  over  a 
wide  frequency  range  by  simple  ad¬ 
justment 


e,  =  -  sin  wt  (H 

where  the  symbols  are  defined  and 
derived  in  the  appendix. 

The  exponential  term  of  Eq.  1 
determines  the  rate  of  decay  of  the 
oscillation.  If  Q  were  very  high, 
oscillations  would  persist,  dying 
out  gradually.  However,  with 
ordinary  commercial  inductors  hav¬ 
ing  practical  values  of  Q,  oscilla¬ 
tions  decay  in  a  relatively  short 
time,  as  shown  in  Fig.  IB. 

The  magnitude  of  Q  required  to 
give  an  amplitude  Ke^  to  the  nth 
cycle  of  oscillation  (derived  in 
appendix)  is 


Q  = 


*(n  —  1)  T 

In  (l/K) 


1.2) 


Thus  to  obtain  e,  equal  to  0.9e„ 
that  is  K  equals  0.9,  where  n  is  21 
cycles,  Q  must  nearly  equal  600 
(This  relation  incidentally  provides 
a  method  of  measuring  Q  of  an 
inductor*.) 

Limitations  of  the  damped  train 
as  an  accurate  source  of  sweep 
calibration  markers  are  numerous 
and  some  superior  means  have  been 
developed. 


Keyed  Oscillator 

It  is  possible  to  develop  a  sine 
wave  train  by  the  method  shown  in 
Fig.  1C.  A  Hartley  type  oscillator 
is  connected  so  that  application  of 
a  positive  gate  to  the  triode  plate 
will  result  in  the  growth  of  oscilla¬ 
tions  such  that 

i  =  {e,lwL)  (sin  u>t)  e.xp  Hntl2L  (3) 

Oscillations  grow  at  a  rate 
determined  by  the  magnitude  of 
negative  resistance  Rn  introduced 
by  the  oscillator  tube.  This  circuit 
may  be  difficult  to  synchronize  well. 
The  degree  of  synchronization  de¬ 
pends  upon  factor  e,  of  Eq.  3.  If 
sufficiently  high  frequency  compo¬ 
nents  are  present  in  the  rising  edge 
of  the  positive  gating  pulse,  syn¬ 
chronizing  pulses  can  be  obtained 
in  the  tuned  circuit  through  the 
triode  grid-to-plate  capacitance.  At 
best,  locking  with  the  trigger  is 
precarious  and,  in  addition,  time  de- 
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INPUT  TRIGGER  TO  NEGATIVE  GATE  GENERATOR 


FIG.  1 — By  combinlnq  a  pulsed  resonant 
circuit  (A)  giring  a  damped  wore  train 
(B)  with  a  keyed  oscillator  (C)  giTing  a 
wore  train  that  builds  upi  (D).  a  pulsed 
oscillator  (E)  that  con  generate  a  wave 
train  oi  constant  amplitude  (F)  is  obtained 


lay  involved  in  waiting  for  oscilla¬ 
tions  to  reach  final  amplitude,  as 
illustrated  in  Fig.  ID,  may  be  pro¬ 
hibitive  for  many  applications. 

Combination  Cirenits 

An  ingenious  combination  of 
both  circuits  described  above  was 
developed  by  Radiation  Laboratory, 
Massachusetts  Institute  of  Tech¬ 
nology. 

The  circuit,  shown  in  Fig.  IE, 
may  be  analyzed  qualitatively  by 
considering  the  oscillator  tube 
(tube  2)  as  a  source  of  negative 
resistance.  If  the  oscillator  were 
not  present,  the  circuit  would  be 
similar  to  that  of  Fig.  lA,  the 
damping  resistance  in  this  case  is 
greater  than  zero  and  therefore 
the  wave  train  will  decay  expo¬ 
nentially  as  mentioned.  As  the 
magnitude  of  the  negative  resis¬ 
tance  (controllable  by  degeneration 
potentiometer  R4)  causes  the  equiv¬ 
alent  circuit  resistance  to  approach 
zero  (Q  approaches  infinity),  the 
envelope  of  the  oscillations  more 
nearly  approaches  a  pair  of  parallel 
horizontal  straight  lines.  Should 
the  effective  circuit  resistance  be¬ 
come  negative,  oscillations  will 
build  up  from  their  initial  value  to 
some  final  value  determined  by  cir¬ 
cuit  parameters.  These  conditions 
are  illustrated  in  Fig.  IF. 

The  magnitude  of  the  peak 
voltage  of  the  first  cycle  is 

=  7p(L/0»/*  (4) 


Equation  4  predicts  an  oscillator 
voltage  proportional  to  the  d-c  plate 
current  and  to  the  square  root  of 
the  L  to  C  ratio.  Substituting 
typical  values  into  the  equation 
where  C=100/i/uif,  L=250/ih,  /,= 
0.010  amp,  and  /=  1.006  me  gives 
e*  equal  to  15.8  volts  peak  or  31.6 
volts  peak-to-peak. 

If  this  voltage  is  inadequate  for 
a  particular  application,  it  is  then 
necessary  to  increase  I,.  The  upper 
limit  to  the  L  to  C  ratio  is  deter¬ 
mined  by  stability  requirements 
and  therefore  cannot  be  increased 
indefinitely. 

At  about  10  me  this  circuit  be¬ 
comes  expensive  and  unwieldy. 
Suppo' ®  J  =  25/A/if,  L  =  10/i.h,  If  — 
0.010  amp,  and  /= 10.06  me,  then  e, 
is  equal  to  6.32  volts  peak.  To  obtain 
the  same  value  of  e,  at  10  me  as 
was  realized  at  one  megacycle,  plate 
current  should  be  more  than 
doubled  and  yet  circuit  stability 
would  be  poorer  because  of  the 
higher  L  to  C  ratio.  Should  really 
large  marker  voltages  be  desired, 
excessive  plate  currents  would  be 
required. 

Pulsed  Oscillator 

For  reasons  of  economy  and 
simplicity  another  approach  to  the 
problem,  which  extends  the  oper¬ 
ating  range  to  well  over  twenty 
megacycles,  was  tried.  The  prin¬ 
cipal  difference  circuitwise  is  the 
inclusion  of  a  gas  thyratron  such 
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as  a  type  2D21,  2050,  6D4,  or  884 
and  associated  circuits  shown  in 
Fig.  2. 

Theory  of  operation  is  as  follows. 
Three  tubes  are  employed,  a  shock 
tube  VI,  a  clamp  tube  V2,  and  an 
oscillator  tube  V3.  The  shock  tube 
VI  has  the  characteristic  of  being 
able  to  pass  large  surges  of  current 
(in  excess  of  five  amperes)  for  a 
short  interval  and  then  remain  in* 
the  ready  state  with  the  passage 
of  a  small  current  (in  the  order 
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SvqiiMe*  of  Circoit  FoRctioRs 

When  it  is  desired  to  set  off  a 
train  of  •oscillations  each  of  the 
same  amplitude,  a  sharp  positive 
pulse  is  applied  to  the  thyratron 
grid  through  RiCt,  causing  the  gas 
to  ionize  and  C,  to  discharge 
through  the  interelectrode  space 
and  the  primary,  of  the  high  fre¬ 
quency  transformer.  Simultane¬ 
ously  with  the  positive  pulse  on  the 
thyratron  grid,  a  negative  gate  is 
applied  to  the  grid  of  the  clamp 
tube  through  CJit  causing  the 
clamp  tube  to  become  noncon¬ 
ducting  and  permitting  oscillations 
to  build  up. 

Oscillations  will,  therefore,  not 
have  to  build  from  low  amplitude 
gradually,  but  can  be  equal  or  even 
larger  than  succeeding  oscillations. 

When  the  positive  pulse  which 
was  impressed  on  the  thyratron 
grid  decays,  the  gas  tube  deionizes 
by  virtue  of  iJ,C,  in  the  plate  cir¬ 
cuit,  and  the  tube  disconnects  itself 
from  the  circuit  except  for  the 
cathode  to  ground  capacitance 
across  the  tuned  circuit.  Oscilla¬ 
tions  will  continue  until  the  nega¬ 
tive  gate  on  the  clamp  tube  grid  is 
removed,  permitting  the  clamp  tube 
to  become  conducting  thereby 
quickly  damping  the  oscillations. 

Rate  of  decay  is  determined  by 
the  magnitude  of  the  resistance 
the  clamp  tube  shunts  across  the 
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FIG.  2 — Circuit  of  a  pulsed  oscillator  that  delivers  pulses  of  high,  uniform  amplitude 
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with  blanking  pulses  or  may  be 
connected  to  the  cathode  or  grid  of 
the  cathode-ray  tube  while  the 
blanking  pulses  are  connected  to 
the  unused  element.  Alternate 
bright  and  dark  spots  facilitate 
measurement  of  pulses  without  dis¬ 
torting  the  shape  of  the  display. 

A  convenient  possibility  is  to  use 
one  pulsed  oscillator  for  making 
one  microsecond  dots  and  another 
for  making  0.1  or  0.05  microsecond 
dots  and  then  mixing  the  two  to 
give  marker  dots. 

A  particularly  interesting  exten¬ 
sion  of  testing  amplifiers  by  square 
wave  analysis*  is  made  possible 
with  the  pulse  modulated  oscillator. 
In  present  television  receiver  prac¬ 
tice  an  intermediate  frequency  of 
about  21  me  has  been  accepted  as 
standard.  Overall  bandwidths  of 
3  to  5  me  are  used  and  some  means 
for  testing  transient  response  of 
intermediate  frequency  amplifiers 
is  needed.  It  is  customary  to  use 
a  sweep  oscillator  and  cathode-ray 
oscilloscope"  for  this  purpose.  This 
method  gives  little  information 
concerning  transient  response 
whereas  the  pulse  modulated  oscil¬ 
lator  when  injected  into  the  grid 
circuit  of  the  i-f  amplifier  enables 
direct  observation  of  pulse  response 
of  all  circuits  after  the  mixer.  Ver¬ 
tical  or  horizontal  synchronization 
pulses  can  be  used  to  trigger  the 
pulsed  oscillator. 

Methods  of  Calibration 

In  order  to  utilize  fully  the  pulse 
modulated  oscillator,  some  means 
of  accurately  setting  or  measuring 
the  sine  wave  frequency  is  needed. 

Common  is  the  zero  beat  method 
in  which  a  crystal  oscillator  or 
standard  signal  generator  is  made 
to  zero  beat  with  the  unknown  fre¬ 
quency.  Caution  must  be  main¬ 
tained  to  avoid  synchronization  of 
the  pulsed  oscillator  by  the  stand¬ 
ard  frequency  source  or  the  reverse. 
It  is  possible  for  the  pulsed  oscil¬ 
lator  to  begin  oscillating  at  a  fre¬ 
quency  determined  by  its  own 
circuit  constants  and  then  be  forced 
into  another  frequency  of  oscilla¬ 
tion  by  the  calibrating  voltage.  At 
20  me,  small  stray  capacitances 
may  cause  considerable  coupling. 
Synchronization  of  either  pulsed 
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FIG.  3 — Using  ths  method  shown  at  the 
top,  the  patterns  shown  below  are  ob¬ 
tained  to  indicate  the  frequency  of  the 
pulsed  oscillator 

oscillator  or  calibrating  oscillator 
by  one  another  or  by  an  external 
stray  signal  must  be  avoided  if 
useful  results  are  to  be  obtained^. 
The  zero  beat  method  gives  no  in¬ 
formation  about  the  spacing  of 
individual  sine  waves  of  the  pulsed 
train  but  measures  average  fre¬ 
quency.  If  the  first  few  oscillations 
had  a  different  period  from  the 
succeeding  cycles,  a  situation  which 
is  quite  possible,  the  zero  beat 
method  would  not  reveal  this  fact. 

The  fact  that  the  sine  wave  train 
is  pulsed,  that  is,  interrupted  pe¬ 
riodically,  gives  rise  to  a  spectrum 
of  frequencies,  any  one  of  which 
may  give  zero  beat  with  a  cali¬ 
brating  frequency.  Only  one  of 
these  beats  represents  the  center 
frequency  of  the  wave  train". 

Another  method  of  calibration 
utilizes  the  cathode-ray  tube  oscillo¬ 
scope  to  obtain  a  Lissajou  figure". 
When  two  voltages  of  slightly  dif¬ 
ferent  frequencies  are  compared, 
one  connected  to  each  pair  of  de¬ 
flecting  plates  of  the  cathode-ray 
tube,  a  stationary  pattern  will  ap- 
'pear  either  if  the  two  frequencies 


bear  a  harmonic  relationship,  or  if 
they  have  a  harmonic  in  common. 

When  the  two  frequencies  are 
equal,  a  stationary  geometric  figure 
such  as  a  circle,  ellipse,  or  straight 
line  can  be  obtained.  The  same 
precautions  against  unwanted  syn¬ 
chronization  must  be  observed  in 
this  case.  The  characteristic  circle 
denoting  equal  frequencies  can  be 
obtained  by  comparing  the  calibrat¬ 
ing  frequency  with  any  one  of  the 
spectral  sideband  components  of 
the  pulsed  wave.  Frequency  dif¬ 
ference  between  successive  spectral 
components  depends  upon  pulse 
re^tition  frequency.  Advantage 
may  be  taken  of  this  fact  in  cali¬ 
brating  by  Lissajou  figures.  If  the 
characteristic  circle  is  obtained, 
change  the  pulse  rate  slightly ;  only 
the  center  component,  that  is  the 
nominal  sine  wave  frequency,  will 
Femain  unchanged  and  will  con¬ 
tinue  to  give  the  circle.  Any  spec¬ 
tral  sideband  components  will 
change  frequency  when  the  pulse 
rate  is  altered. 

An  excellent  method  of  calibra¬ 
tion,  first  demonstrated  to  the 
author  by  R.  D.  ScHeldorf  of  Radio 
Corporation  of  America,  is  illus¬ 
trated  in  Fig.  3.  A  crystal  oscilla¬ 
tor  or  other  type  of  standard  fre¬ 
quency  generator  is  connected  to  a 
frequency  divider  which  generates 
a  synchronizing  pulse  to  trigger 
the  pulse  modulated  oscillator  and 
^slave  sweep  of  the  cathode-ray 
oscilloscope.  The  standard  fre¬ 
quency  voltage  is  connected  to  the 
vertical  plates  through  the  vertical 
amplifier,  and  the  pulse  modulated 
oscillator  to  the  intensity  control 
grid  (Z  axis).  If  Jhe  two  frequen¬ 
cies  differ  but  slightly,  a  very  easily 
recognized  result  appears.  The 
difference  frequency  shows  up  as  a 
wave  of  bright  spots  whose  period 
is  equal  to  the  reciprocal  of  the 
difference.  Precautions  must  be 
taken  as  usual  to  prevent  oscillator 
pulling.  No  trouble  is  experienced 
with  sidebands.  It  is  also  possible 
to  determine  whether  any  shift  in 
frequency  of  the  pulse  modulated 
sine  waves  occurs  when  the  pulse 
rate  or  duration  of  the  train  is 
altered.  In  the  case  where  only 
a  few  cycles  of  the  train  are  de¬ 
sired,  the  above  methods  do  not 
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give  sufficient  accuracy  for  the 
most  precise  requirements. 

The  most  accurate  calibrating 
procedure  developed  to  date  to  the 
author’s  knowledge  is  the  method 
described  in  a  previous  paper“. 
This  paper  describes  a  rapid,  accu¬ 
rate  determination  of  spacing  be¬ 
tween  pulses  or  sine  waves  having 
production  line  simplicity  and 
laboratory  precision.  It  is  possible 
to  ascertain  whether  the  first  cycle 
has  tile  same  period  as  the  succeed¬ 
ing  cycles.  This  information  is 
important  where  maximum  preci¬ 
sion  is  desired. 


from  which 


Uil/K) 

Figure  5  is  a  plot  of  K  versus  Q 
for  several  typical  values  of  n. 

The  amplitude  of  the  first  cycle 
of  oscillation  may  be  readily  ob¬ 
tained  from  the  Eq.  7A.  Let  <pt  = 
it/2  and  Q>>1  then  = 

I, (L/C)*.  As  a  check  this  can  be  de¬ 
duced  from  energy  considerations 
whare 


FIG.  4 — ^EquiTcdrat  drctdt  of  puUod 

oscUlotor 


and 

=  Ip  (L/O^  (13) 

Case  B  refers  to  Fig.  1C  for 
which  S2  in  Fig.  4  is  open  through¬ 
out.  Before  t  =  0  SI  is  closed.  At 
t  =  0  SI  is  opened  causing  circuit 
resistance  to  become  negative.  Syn¬ 
chronizing  pulse  e,  causes  transient 
oscillation  to  begin  such  that 

i  (DL  +  Rn  +  1/PO  =  «.  (15) 

from  which 

i  =  €““•  [Ai  sin  -H  A*  cos  ^1)  (16) 

We  are  not  concerned  with  steady 
state  condition  because  e,  is  negli¬ 
gible  compared  with  the  amplitude 
of  the  resulting  oscillation.  Bound¬ 
ary  conditions  are  t  =  0,  q  =  0, 
di/dt  =  e,/L  giving 


If  Q  is  very  much  greater  than 
unity, 


Motfeenatical  Appeadix 

A  simplified  equivalent  circuit  of 
the  keyed  oscillators  -  discussed  in 
the  text  is  shown  in  Fig.  4. 
Switches  SI  and  S2  are  provided 
to  indicate  various  stages  in  the 
operation  of  the  circuits. 

Case  A  considers  the  buildup 
characteristic  of  the  elementary 
pulsed  sine  wave  generator  of 
Fig.  lA  for  which  SI  and  S2  are 
normally  closed,  but  at  t  =  0  S2  is 
opened.  The  differential  equation 
describing  the  subsequent  action  is 

L  +  Rtit  -H  q/e  =  0  (lA) 


or  also 

«,  =  I,  (L/C)^  (,--«/»«)  sin  («« +  x)  (7B) 
Equation  7  describes  an  oscilla¬ 
tion  whose  decay  properties  depend 
upon  the  magnitude  of  Q.  If  Q  is 
very  high  but  Rl  is  still  larger  than 
zero  e,  decays  slowly  (see  Fig.  IB 
and  IF).  If  Q  is  infinite,  that  is,  if 


e,  =  -  /p  (L/O^*  sin  ut  (8) 

This  equation  expresses  the  case 
shown  in  Fig.  IE  and  2  where  the 
oscillator  tube  is  adjusted  to  cause 
the  effective  circuit  resistance  to 
vanish.  If  Q  is  negative,  that  is, 
if  R  is  less  than  zero,  then  oscilla¬ 
tions  build  up  indefinitely.  Actu¬ 
ally  losses  in  the  circuit  due  to  non¬ 
linearity  of  the  oscillator  tube  will 
limit  the  amplitude  of  oscillations. 

In  using  the  circuit  in  Fig.  lA, 
assume  one  wishes  to  ascertain  the 
Q  required  to  sustain  oscillations 
for  n  cycles  so  that 


(DL  -f  fix,  -f  l/PC)it  =  0  (IB) 

Where  1/P  ^  ^  dt 

The  general  solution”  of  Eq.  1  is 
it  =  (exp  —  Oit)  [Ai8in/3f  -f  Ajco8|3/]  (2) 

In  order  to  evaluate  the  arbitrary 
constants  of  integration  the  follow¬ 
ing  boundary  conditions  are  sub¬ 
stituted,  neglecting  IpRt.  drop 

t  =  0,9  =  0,i,=  -/p.andf^)  = 


i  =  —  (exp  Rnt/2L)  sin  cot  (18) 

coL 

This  expression  is  the  equation  of 
an  oscillatory  current  which  builds 
up  from  zero  to  some  final  value 
determined  by  tube  nonlinearity. 

Case  C  considers  oscillations 
after  application  of  the  negative 
gate  to  the  grid  of  the  clamp  tube. 
Oscillations  will  continue  in  a  man¬ 
ner  determined  by  the  magnitude 
and  sign  of  the  effective  circuit  Q. 
When  the  negative  gate  is  removed 
and  the  cathode  follower  is  per¬ 
mitted  to  become  conducting,  oscil¬ 
lations  will  be  damped  at  a  rate 
determined  by  the  magnitude  of 
R,.  When  S2  is  closed  (correspond¬ 
ing  to  removal  of  the  negative 
gate),  equations  describing  the 
currents  in  the  two  meshes  are 


The  complete  solution  is  therefore 
it  =  —  Ip  (exp  —  ait)  [cos  /3it  — 
ai/ffi  ^  /St]  (3) 

We  are  primarily  concerned  with 
the  potential  across  the  capacitance 


then 

*0  =  Ip  {L/C)^*  (exp 


e,  =  /p  (L/O^  (exp 


- c  *  ft  J  Ml*  “ 

~  (exp  —  ait)  cos  0it  dt  (5] 

Performing  the  indicated  inte¬ 
gration  and  evaluating  the  con¬ 
stant  of  integration  gives 
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^  -  i,  (/J,  +  DL)  -  i,  (DL)  (19) 

0  -  -  t,  (DL)  +  i,  (DL  +  1/PO  (20) 

(Rt  is  neglected  as  its  effect  is  neg¬ 
ligible  compared  with  R,).  Equa¬ 
tions  19  and  20  may  be  solved 
simultaneously  for  i,  giving 

Roots  of  the  auxiliary  equation  are 

I  =  «i±  ft 

r»I 

It  is  not  necessary  for  the  pur¬ 
pose  of  this  analysis  to  complete 


the  particular  solution  for  i».  It  is 
sufiicient  to  observe  that  when  p  = 
0  the  circuit  is  critically  damped 
and  current  in  the  capacitor  can 
decay  to  zero  without  oscillatory 
overshoot;  this  is  the  borderline 
condition.  The  value  of  R,  required 
to  give  critical  damping  is  deduced 
from 

^  LC )  “  ^ 

For  the  overdamped  condition 

R.  <  i  (L/0>/*  .  (23) 


by  shock  are  to  decay  to  a  particular  fraction  (K)  of  their  initial  Talue  in  a  giyen 

number  (n)  of  cycles 


It  should  be  noted  that  in  cir¬ 
cuits  shown  in  Fig.  IE  and  2  there 
are  two  transients.  There  is  the 
transient  resulting  from  current  I, 
which  flows  when  S2  is  closed,  and 
the  residual  alternating  current 
which  remains  when  SI  is  closed. 
By  the  principle  of  superposition 
each  condition  may  be  considered 
separately.  Both  conditions  give 
similar  differential  equations  but 
have  different  boundary  conditions, 
which  do  not  affect  the  analysis 
because  we  are  not  concerned  with 
currents  but  rather  with  rates  of 
decay  of  currents.  It  is  evident 
that  for  rapid  damping  at  high 
oscillator  frequencies  a  cathode  fol¬ 
lower  having  low  cathode  to  ground 
resistance  is  essential.  Otherwise 
decay  time  may  be  considerably 
longer  than  rise  time  of  the  pulse 
modulated  oscillator  waveform 
envelope. 

If  R,  can  be  made  very  small  so 
that  (l/4iJ.*C*)  >  >  (1/LC)  then  i.= 
Ax  (exp  —t/R,C)  and  t,  will  decay 
exponentially  to  a  value  of  1/e  in 
R,C  seconds. 

Substitution  of  typical  values 
into  the  last  equation  gives  the 
following  data:  either  /  =  1  me, 
C  =  100)Li/if,  L  =  250  /ih,  R  =  790 
ohms,  and  t  =  R,C  7.9  X  lO**  sec, 
or  /  =  10  me,  C  =  25  /x/if,  L  =  10 
/ih,  R  =316  ohms,  in  which  case 
t=  7.9  X  lO"*  sec. 


References 


(1)  “Time  Bases”,  O.  S.  Puckle.  John 
Wiley. 

(2)  “The  Cathode  Ray  Oscilloscope  in 
Radio  Research”,  Watson  Watt.  H.  M.  Sta¬ 
tionery  Office  London,  1938. 

(3)  “Cathode  Ray  Tubes  and  Their  Ap¬ 
plications”,  Cristaldl,  P.  S.  Proo  I.R.E., 
p  373,  June  1945. 

(4)  “Ultra  High  Frequency  Techniques”, 
Brainerd,  D.  Van  Nostrand,  p  208. 

Time  Base  Calibration.  Ludman. 
W.  W.,  Electbonics,  p  117,  Sept.  1945. 

(6)  “Time  Bases”,  O.  S.  Puckle.  John 
Wiley,  p  100. 

(7)  Measurement  of  Television  Synchro¬ 
nizing  Pulses,  Monfort,  R.  A.  and  Somers. 
P.  J.,  RCA  Review,  Jan.  1942. 

(8)  Impedance  Measurement  With  Square 
Waves,  Rockett,  P.,  Electbonics,  p  138, 
Sept.  1944. 

(9)  Amplifier  Testing  by  Means  of  Square 
Waves,  Swift,  Communications .  Feb.  1939. 

(10)  Factory  Alimment  Equipment  for 
Frequency  Modulated  Receivers.  Rice.  Proc 
I.R.E..  Oct.  1941. 

(11)  Synchronized  Oscillators  as  FM  Re¬ 
ceiver  Limiters,  Carnahan,  C.  W.  and  ICal- 
mus,  H.  P.,  Electbonics,  p  108,  Aug.  1944. 

(12)  Note  on  the  Fourier  Series  of  Sev¬ 
eral  Pulse  Forms,  Lattin,  W.  J.,  Proc  I.R.E., 
Nov.  1945. 

(13)  “Electrical  Engineer's  Handbook”. 
Pender,  John  Wiley,  p  10. 

(14)  Measuring  Pulse  Characteristics. 
Easton,  A.,  Electbonics,  p  150,  Feb.  1946. 

(15)  “Introduction  to  Electric  Tran¬ 
sients”,  Kurts  and  Corcoran,  John  Wiley. 


ELE'.TRONICS  — More*,  1947 


129 


By  means  of  a  compound  feedback  circuit  extreme  stability  is  obtained  in  a  conductively 
coupled  electronic  instrument.  Positive  feedback  produces  an  effectively  infinite  gain 
that  is  highly  degenerated  by  negative  feedback 


to  the  degenerative  coupling 
batteries  all  tendency  toward  insta¬ 
bility  will  be  restrained  by  super¬ 
imposed  degeneration  and  the 
circuit  will  function  as  the  circuit  of 
Fig.  1  containing  a  tube  of  infinite 
M,  In  fact  the  regeneration  con¬ 
trol  may  be  further  advanced  and 
the  circuit  operated  in  the  seem¬ 
ingly  impossible  region  of  greater, 
than  infinite  (negative)  internal 
gain. 


is  noticeable,  and  this  condition 
of  zero  grid  excursion  may 
be  used  in  practice  •  as  the 
criteria  for  adjustment  of  the 
regeneration  control.  If  the  regen¬ 
eration  control  be  adjusted  above  or 
below  the  critical  point  while  the 
circuit  is  subjected  to  an  input  vari¬ 
ation,  a  control  grid  excursion  will 
appear  but  of  a  polarity  with  re¬ 
spect  to  the  input  dependent  upon 
the  direction  of  misadjustment. 


ChoBiU  conlaina  power  supply  and  ompliiier  circuit  of  voltmeter;  indicating  instru¬ 
ment  is  mounted  on  cover 


cathode  resistor.  The  circuit  may 
thus  be  considered  as  a  “plate 
follower”  in  distinction  to  the 
cathode  follower  type  of  circuit. 

Realising  the  Conditions 

The  absence  of  cathode  resistance 
permits  the  introduction  of  addi¬ 
tional  tube  elements  without  involv¬ 
ing  their  operation  with  the 
degenerative  function  of  the  control 
grid.  In  the  two-tube  circuit  of 
Fig.  2  this  feature  of  independence 
allows  the  introduction  of  a  second 
grid  to  obtain  regeneration,  re¬ 
sulting  in  an  effective  increase  in 
M.  The  second  grid  of  each  tube  is 
crossed  to  the  plate  of  the  opposite 
tube  to  obtain  regeneration  in  a 
manner  similar  to  the  action  of  a 
multivibrator.  An  adjustable 
plate-to-plate  shunting  resistor 
allows  adjustment  of  the  degree  of 
regeneration.  In  practice  the  sec¬ 
ond  grid  is  most  conveniently  the 
screen  grid  of  a  standard  pentode, 
which  is  designed  to  operate  at 
voltages  comparable  to  the  plate 
voltage  without  secondary  emission 
complications. 

If  the  control  grids  are  tem¬ 
porarily  made  ineffective,  for 
example  by  disconnecting  and  bias¬ 
ing  from  a  separate  source,  and  the 
regeneration  control  increased,  a 
point  of  instability  will  be  reached 
where  the  circuit  will  fall  over,  one 
tube  blocking  and  the  other  con¬ 
ducting  in  the  manner  of  a  half 
cycle  of  multivibrator  operation. 
At  this  point  the  circuit  is  critically 
regenerated  and  is  essentially  an 
amplifier  of  infinite  gain.  If  the 
control  grids  are  then  reconnected 


With  the  circuit  adjusted  to  this 
point  of  critical  regeneration,  the 
control  grids  exert  only  a  transient 
type  of  control  upon  the  tube  space 
paths,  while  the  regenerated  screen 
grids  and  plates  do  the  actual  work 
of  establishing  the  output  voltage. 
If  the  control  grid-cathode  voltages 
are  observed  while  an, .  input 
voltage  is  applied,  no  change 


In  a  practical  instrument  ampli¬ 
fier  the  feature  of  zero  grid  excur¬ 
sion  for  a  tangible  plate  voltage 
output  means  a  materially  more 
linear  relationship  between  input 
and  output  because  the  plate  and 
screen  grid  variational  factors  are 
more  constant  over  wider  voltage 
excursions  than  the  control  grid. 
Also  the  tubes  can  be  operated  at 
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VACUUM  TUBE  amplification  to 
extend  the  sensitivity  of  direct 
indicating  electrical  instruments 
has  attracted  the  attention  of 
numerous  investigators,  resulting 
in  many  effective  methods  for  ob¬ 
taining  stability  beyond  that 
normally  required  for  sound  ampli¬ 
fication.  The  impedance  coupled 
alternating-current  instrument  am¬ 
plifier  has  been  particularly  highly 
developed,  largely  by  properly  ap¬ 
plied  degeneration  effective  over 
the  frequency  range  desired.  The 
conductively  coupled  amplifier,  re¬ 
sponsive  to  both  alternating  and 
direct  current,  has  however  proved 
more  diflScult  because  of  circuit 
limitations  imposed  by  the 
necessity  for  both  amplifying  and 
degenerating  through  the  conduc¬ 
tively  coupled  circuit  loop. 

CoHditioB  for  Sfability 

Broadly  the  attainment  of  stabil¬ 
ity  in  the  face  of  variable  tube 
coefficients  is  a  problem  of  sacrific¬ 
ing  a  maxi.num  of  inherent  ampli¬ 
fication  by  degeneration,  resulting 
in  less  gain  but  a  proportionately 
greater  stability.  From  this  view¬ 


STABLE 

VOLTMETER 


point  it  is  apparent  that  the  opti¬ 
mum  combination  is  an  infinite 
inherent  gain  which  is  completely 
degenerated,  resulting  in  an  am¬ 
plifier  having  a  nominal  overall 
gain  and  first  order  independence 
of  variations  in  tube  coefficients. 

At  first  it -would  appear  iiossible 
only  to  approach  but  not  obtain 
this  condition  because  infinite  gain 
considered  as  a  separate  function 
would  be  on  the  threshold  of  self- 
sustained  oscillation.  However,  the 
superposition  of  degeneration  ex¬ 
erts  a  stabilizing  influence,  and, 
unless  inhibited  by  the  time  con¬ 
stants  of  the  circuit,  a  stable 
overall  system  is  possible.  The 
present  circuit  is  capable  of  ad¬ 
justment  to  and  beyond  this  ideal 
condition,  and  in  practice  reduces 
the  influence  of  tube  variables  en¬ 
tirely  to  a  second  order  effect. 

Consider  the  circuit  of  Fig.  1 
wherein  the  plate  of  the  triode  is 
conductively  coupled  to  the  grid 
through  a  battery  equal  to  the 
voltage  normally  existing  between 
these  elements  in  a  conventional 
amplifier  circuit.  Coupling  of  this 
nature  is  essentially  degenerative 
in  direction  inasmuch  as  any  plate 
voltage  variation  is  transmitted  to 
the  grid  as  a  corrective  control  to 
partially  restore  the  original  plate 
voltage.  If  an  input  voltage  e  is 
injected  in  series  with  the  grid  the 
voltage  change  E  appearing  at  the 
plate  is  in  a  direction  to  reestablish 
the  original  grid  voltage  through 
the  coupling  battery.  Thus  the 
plate  voltage  shift  is  a  measure  of 
the  input  voltage,  but  less  by  an 
amount  that  is  a  function  of  the 
amplification  factor. 


For  this  condition  the  feedback 
relationship  (Regeneration  Theory 
by  H.  Nyquist,  B.S.T.J.,  11,  1932, 
Jan.,*p  126)  applies 

E  M 

Overall  voltage  ratio  “  “  “  j  (1) 

where  M  is  the  amplification  factor 
(voltage  ratio)  of  the  tube  proper 
in  its  circuit  without  feedback, 
and  b  is  the  transfer  characteristic 
of  the  feedback  loop,  in  this  case 
the  plate-grid  degenerative  connec¬ 
tion.  But  here  plate  voltage  changes 
are  transmitted  entirely  to  the  grid 
so  b  is  unity,  and  Eq.  1  becomes 

(2) 

From  this  equation  it  is  apparent 
that  as  M  becomes  larger  the  over¬ 
all  amplification  factor  approaches 
unity  and,  which  is  more  important, 
becomes  more  independent  of 
changes  in  M. 

This  circuit  is  similar  in  func¬ 
tion  to  the  conventional  cathode 
follower  circuit  except  that  the 
resistance  mutual  to  the  input  and 
output  circuits  is  in  the  form  of 
a  plate  resistor  rather  than  a 
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FIG.  1 — Dogonerative  coupling  from  plate 
to  grid,  through  a  battery  to  pretervo  the 
required  operating  potentials  on  grid  and 
plate,  stabilizes  the  tube  circuit 
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FIG.  4 — Variations  in  the  degeneration  network  of  Fig.  3  adapt  the  instrument  to 
Tarious  combinations  of  input  and  output.  Equations  indicate  drift  and  loading 


series,  at  normal  operating  current. 
Capacitive  bypassing  has  limita¬ 
tions  because,  if  sufficiently  heavy, 
the  tubes  may  be  damaged  when 
starting.  Also  resonance  against 
the  internal  equivalent  inductance 
can  actually  increase  the  loading  at 
the  resonant  frequency.  However, 
as  an  instrument  amplifier  applica¬ 
tion  is  limited  largely  to  d-c  and  a-c 
not  exceeding  audio  frequency, 
where  this  inductive  loading  effect 
is  not  serious. 

For  simplicity  of  explanation  it 
is  assumed  that  the  circuit  of  Fig.  3 
is  arranged  to  provide  a  voltage 
ratio  of  unity,  whereas  any  voltage 
ratio  is  possible  by  incorporating 
a  degenerating  network  rather  than 
a  simple  mutual  resistance.  Also 
four  basic  operating  combinations 
are  possible;  voltage  input  with 
voltage  output,  voltage  input 
with  current  output,  current 
input  with  voltage  output,  and 
current  input  with  current  out¬ 
put.  These  combinations  are 
shown  in  Fig.  4  as  changes 
to  the  circuit  of  Fig.  3,  to¬ 
gether  with  the  expressions  for  the 
gain  in  each  case.  Note  that  for 
current  input  a  current  balance  net¬ 
work  is  employed  rather  than  adapt¬ 
ing  the  voltage  input  circuit  to  cur¬ 
rent  by  passing  the  input  current 
through  an  input  shunt.  This  cur¬ 
rent  balance  arrangement  balances 
the  input  terminals  to  zero  poten¬ 
tial,  maintaining  effectively  zero 
resistance  looking  into  the  input 
end  of  the  amplifier.  Thus  in  the 
case  of  current  as  well  as  voltage  in¬ 
puts  the  circuit  demands  no  energy 
from  the  input  source. 

Drift 

In  common  with  all  conductively 
coupled  amplifiers  the  circuit  is  in¬ 
herently  a  high  input  impedance  de¬ 
vice  and  is  at  a  disadvantage  from 
the  standpoint  of  zero  stability 
when  operated  from  low  impedance, 
low  voltage  sources  such  as  a  ther¬ 
mocouple.  The  tendency  to  zero 
drift  is  caused  principally  by  con¬ 
tact  potential  variations  within  the 
input  tubes,  but  all  circuit  compon¬ 
ents  contribute  more  or  less  to  the 
total  drift.  However,  for  simplicity 
the  amount  of  drift  that  can  be  ex¬ 
pected  from  the  tube  circuit  proper 
is  best  expressed  as  the  equivalent 
Rrid  potential  variation,  or  the 


amount  of  grid  potential  change  re¬ 
quired  to  rebalance  the  circuit  after 
drift  has  taken  place.  The  effect  of 
this  potential  change  in  terms  of 
output  can  then  be  calculated  from 
the  constants  of  the  degenerating 
network,  and  expressed  as  a  drift 
factor  D  for  any  set  of  conditions. 
The  expression  for  the  drift  factor 
is  given  in  Fig.  4  for  the  four  basic 
degenerating  networks  in  terms  of 
the  equivalent  grid  potential  drift 
variations  e,.  Note  that  in  the  case 
of  current  input  the  resistance  of 
the  input  current  source  is  effec¬ 
tively  in  parallel  with  the  grid 
circuit  and  enters  the  expression. 
The  drift  factor  expresses  the  ratio 
of  expected  .drift  to  full  scale  output 
or  input,  and  can  be  multiplied  by 
100  to  obtain  the  expected  drift  in 
percent.  Note  also  that  the  load 
presented  to  the  amplifier  output  R., 
does  not  enter  the  drift  expression 
because  an  optimum  adjustment  of 
regeneration  is  assumed;  in  case  of 


misadjustment  the  load  resistance 
will  have  a  small  second  order  effect 
upon  drift. 

In  practice  e,  can  be  determined 
experimentally  by  setting  up  the 
unity  gain  circuit  of  Fig.  3  with  the 
input  terminals  short  circuited.  As 
the  circuit  drifts,  e,  is  read  directly 
on  the  output  voltmeter. 

An  experimental  design  of  elec¬ 
tronic  d-c  .voltmeter  using  the  com¬ 
pound  feedback  circuit  was  built. 
This  particular  instrument  includes 
features  of  convenience  such  as  in¬ 
put  polarity  reversal  and  center 
zero  switch  positions,  and  means 
for  calibration  and  zero  adjustment 
without  disconnecting  the  input.  It 
contains  an  input  network  for  four 
voltage  ranges  from  100  millivolts 
to  three  volts.  An  experimental  com¬ 
panion  instrument  for  current 
measurements  down  to  0.1  micro¬ 
ampere  full  scale,  similar  in  appear¬ 
ance  to  the  electronic  voltmeter, 
was  also  designed. 
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FIG.  2 — R*9«n«ratlT*  f*«dbock  to  auxiliary  grids  incroosos  FIG.  3 — Practical  circuit  incorporatos  cothode-couplod  isola- 

amplification.  Baloncod  circuit  is  used  to  obtain  nocossory  tion  tubos  and  gas  tubos  in  placo  of  batteries  for  mointaining 

phase  reTersals  proper  biases 


the  quiescent  grid  current  point 
throughout  the  range  of  input, 
minimizing  grid  current  demand  in 
sensitive  direct-current  applica¬ 
tions. 

Sigaiieaace  of  Circait  Choraetaristics 

When  critically  regenerated,  the 
circuit  also  has  the  interesting 
property  of  behaving  as  an  output 
voltage  source  of  zero  variational 
resistance  within  functional  limits. 
In*  operation  with  an  input  voltage 
applied,  the  output  voltmeter  may 
be  shunted  to  demand  more  output 
current  without  affecting  its  read¬ 
ing.  Conversely  series  resistance 
may  be  added  to  the  coupling  bat¬ 
tery  circuits  without  affecting  the 
output  reading.  In  either  case  the 
plate  to  screen-grid  regenerative 
action  supplies  the  additional  out¬ 
put  energy  without  requiring  any 
static  change  in  the  control  grid 
potentials,  so  the  overall  voltage 
ratio  reipains  constant.  Insufficient 
regeneration  causes  a  positive  vari¬ 
ational  resistance  to  appear,  and 
excessive  regeneration  causes 
a  negative  variational  resist¬ 
ance.  In  the  latter  case  shunting 
the  output  voltmeter  will  increase 
its  reading.  Naturally  if  regenera¬ 
tion  is  increased  beyond  the  critical 
point  to -where  the  negative  resist¬ 
ance  looking  into  the  output  end  of 
the  amplifier  is  greater  than  the 
positive  resistance  within  the  output 
voltmeter,  the  circuit  will  become 


unstable  and  fall  over.  Also  as  re¬ 
generation  is  increased  from  the 
optimum  critical  point  to  the  point 
of  instability  the  overall  voltage 
ratio  varies  to  infinity.  These  ef¬ 
fects  have  no  probable  practical  sig¬ 
nificance  but  serve  to  demonstrate 
the  fact  that  considerable  latitude 
exists  between  the  point  of  opti¬ 
mum  adjustment  and  the  region  of 
instability.  In  fact  unless  the  re¬ 
sistance  of  the  output  voltmeter  is 
quite  low,  complete  removal  of  the 
regeneration  control  resistor  will 
not  produce  instability  in  standard 
pentode  type  tubes. 

When  used  as  a  d-c  amplifier  the 
question  of  zero  stability  becomes 
of  interest.  No  material  advantage 
over  conventional  d-c  amplifier  cir¬ 
cuits  is  apparent  in  respect  to  sta¬ 
bility,  but  in  general  the  usual  pre¬ 
cautions  apply.  Use  of  two  tubes  in 
opposition  reduces  the  effect  of  con¬ 
tact  potential  variations  to  a  differ¬ 
ential  rather  than  a  direct  effect, 
so  that  regulation  of  the  heater  sup¬ 
ply  voltage,  if  necessary,  is  really 
effective.  The  major  cause  of  zero 
drift  then  becomes  the  differentials 
between  the  two  tubes  that  change 
with  time,  which  fundamentally 
cannot  be  compensated  and  can 
only  be  reduced  by  the  use  of 
matched  tubes. 

Practical  Circcit 

The  circuit  of  Fig.  3  is  essentially 
the  circuit  of  Fig.  2  reduced  to  a 


practical  arrangement.  The  coup¬ 
ling  batteries  are  replaced  by  cold- 
cathode  gas  voltage  regulator 
tubes  which  have  sufficiently  low  in¬ 
ternal  variational  resistance  not  to 
load  the  output  circuit  unduly.  The 
input  tubes  are  followed  by  a  sta?^' 
of  cathode  followers  primarily  to 
remove  the  output  load  and  the 
regulator  tube  current  from  the  re¬ 
generative  portion  of  the  circuit. 
Without  the  buffer  action  of  the 
cathode  followers  it  might  prove 
impossible  to  supply  the  desired 
output  without  loading  the  input 
tubes  to  the  point  where  critical  re¬ 
generation  is  not  attainable.  While 
a  battery  plate  supply  is  shown  for 
simplicity,  the  circuit  is  particu¬ 
larly  adaptable  to  service  power 
supply  with  a  minimum  of  filtering 
because  the  regulator  tubes  effec¬ 
tively  regulate  the  element  voltages. 
This  regulation  together  with  the 
zero  resistance  output  characteris¬ 
tic  removes  virtually  all  supply 
voltage  ripple  from  the  output. 

The  gas  regulator  tubes  unfor¬ 
tunately  have  a  small  equivalent  in¬ 
ternal  inductance  due  to  the  total 
ion  mass  in  the  space  path.  In  an 
alternating-current  amplifier  this 
inductance  causes  an  additional  out¬ 
put  loading  factor  that  manifests 
itself  increasingly  with  increasing 
frequency.  This  inductance  is  in 
the  order  of  six  millihenrys  in  small 
tubes  (Type  991,  etc.)  and  80  mh 
in  larger  tubes  such  as  the  VR 
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Wavelengths  of  SOUND 

The  velocity  of  sonic  or  ultrasonic  energy  varies  over  a  range  of  50  to  1,  depending  on 
the  medium.  Once  velocity  is  determined,  by  using  the  table  below,-  the  wavelength  for 
any  frequency  from  10  cycles  to  100  megacycles  can  be  found  on  the  nomograph 

By  BERTHA  W.  HENYIS 

*  CryHtal  Section 

Office  o/  Reecarch  and  Inventiona 
Haval  Research  Laboratory 
Washington,  U.  C. 


The’tables  give  the  longitudinal 
bar  and  bulk  velocities  of 
sound  in  various  solids,  as  well  as 
the  velocity  of  sound  in  some 
liquids  and  gases. 

The  effective  velocity  of  sound, 
V,  to  be  used  in  these  calculations 
is  a  rather  complex  function  of  the 
exciting  frequency  and  the  shape 
and  dimensions  of  the  vibrating 
element.  Very  few  three-dimen¬ 
sional  elastic  solid  problems  have 
been  studied  in  detail,  but  the  fol¬ 
lowing  comments  may  be  used  as  a 
guide  in  obtaining  an  approximate 
value  of  the  effective  velocity  in  the 
elements  of  many  vibrating  sys¬ 
tems. 

For  cylindrical  elements  of  ap- 


FIG.  1 — Variation  oi  velocity  ol  sound 
with  dimensional  ratios  of  solids 


Velocity  of  Sound  in 

Solids 

Velocity  of  Sound  in 

Liquids 

Longi¬ 

tudinal 

Bar 

Plate 

(Bulk) 

Tempera 

Velocity 

Velocity 
in  cm 

Velocity 
in  cm 

Matoial 

ture 

in  deg  C 

in  cm 
per  sec 

Material 

per  sec 

per  sec 

Aluminum 

5.24x10* 

6.4x10* 

Alcohol,  ethyl 

12.5 

1.24x10* 

Antimony 

3.40x10* 

20 

1.17x10* 

Bismuth 

1.79x10* 

2.18x10* 

Benzene 

20 

1.32x10* 

Brass 

3.42x10* 

4.25x10* 

Carbon  bisulfide 

20 

1.16x10* 

Cadmium 

2.40x10* 

2.78x10* 

Chloroform 

20 

1.00x10* 

Constantan 

4.30x10* 

5.24x10* 

Ether,  ethyl 

20 

1.01x10* 

Copper  * 

3.58x10* 

4.6x10* 

Glycerine 

20 

1.92x10* 

German  Silver 

3.58x10* 

4.76x10* 

Mercury 

20 

1.4.5x10* 

Gold 

2.03x10* 

3.24x10* 

Pentane 

18 

1.05x10* 

Iridium 

4.79x10* 

20 

1.02x10* 

Iron 

5.17x10* 

5.85x10* 

Petroleum 

15 

1.33x10* 

I^ad 

1.25x10* 

2.4x10* 

Turpentine 

3.5 

1.37x10* 

Magnesiiun 

4.9x10* 

27 

1.28x10* 

Manganese 

3.83x10* 

4.66x10* 

Water,  fresh 

17 

1.43x10* 

Nickel 

.  4.76x10* 

5.6x10* 

Water,  sea 

17 

1.51x10* 

Platinum 

2.80x10* 

3.%xl0* 

Silver 

2.64x10* 

3.60x10* 

Steel 

5.05x10* 

6.1x10* 

Tantalum 

Tin 

3.35x10* 

2.73x10* 

3.32x10* 

Velocity  of  Sound  in  Gases 

T  ungsten 

Zinc 

4.31x10* 

5.46x10* 

3.81x10* 

4.17x10* 

i 

Velocity 


Tempera- 

in  cm 

ture 

Material 

in  deg  C 

per  sec 

Cork 

0.50x10* 

Crystals,  quartz. 

X-cut 

5.44x10* 

5.72x10* 

Air 

0 

0.331x10* 

ADP  (NHdhPO*) 

20 

0.343x10* 

45°  Z-cut 

3.28x10* 

4.92x10* 

Argon 

0 

0.319x10* 

Kochelle  Salt, 

300 

0.307x10* 

45°  Y-cut 

2.47x10* 

Ammonia  gas 

0 

0.415x10* 

Rochelle  Salt, 

Carbon  dioxide 

0 

0.259x10* 

45°  X-cut 

See  Fig.  2 

Carbon  monoxide 

0 

0.338x10* 

Rochelle  Salt, 

Chlorine 

0 

0.206x10* 

L-cut 

5.36x10* 

Deuterium  (heavy 

Tourmaline,  Z-cut 

7.54x10* 

hydrogen) 

0 

0.890x10* 

CaF,  (fluorite). 

Ethane 

10 

0.308x10* 

X-cut 

6.74x10* 

7.18x10* 

Ethylene 

0 

0.317x10* 

NaCl  (Rock  salt). 

Hydrogen 

0 

1.28x10* 

X-cut 

4..51xl0* 

4.78x10* 

Hydrogen  bromide 

0 

0.200x10* 

NaBr,  X-cut 

2.79x10* 

3.2x10* 

Hydrogen  chloride 

KCl  (sylvite). 

gas 

0 

0.296x10* 

X-cut 

4.14x10* 

4.38x10* 

Hydrogen  iodide 

0 

0.157x10* 

KRr,  X-cut 

3.38x10* 

3.48x10* 

Hydrogen  sulfide 

0 

0.289x10* 

Glass, 

Helium 

0 

0.97x10* 

heavy  flint 

3.49x10* 

3.76x10* 

Methane 

Q 

0.430x10* 

extra  light  flint 

4.55x10* 

4.80x10* 

Neon 

0 

0.435x10* 

heaviest  crown 

4.71x10* 

5.26x10* 

Nitric  oxide 

10 

0.324x10* 

crown 

5.30x10* 

5.66x10* 

Nitrogen 

0 

0.334x10* 

queutz 

5.37x10* 

5.57x10* 

20 

0.351x10* 

Granite 

3.95x10* 

Nitrous  oxide 

0 

0.26x10* 

Ivory 

3.01x10* 

Oxygen 

0 

0.316x10* 

Marble 

3.81x10* 

20 

0.328x10* 

Slate 

4.51x10* 

r . 

Sulphur  dioxide 

0  ' 

0.213x10* 

vWood,  elm 

1.01x10* 

Water  .vapor 

0 

0.401x10* 

oak 

4.1x10* 

100  • 

0.405x10* 
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LAMINATED  OCTAL  SOCKETS 


No.  lie  11961 

1  1/2'  Mounting  Conluf 
1/16*  top  plot* 


No.  6768 

1  5/16'  Mounting  Contor 
1/16'  top  plot* 


E  laminated  Octal 


Socket  choice  of  leading  set 
manufacturers  is  pictured  here, 
/t  s  a  Cinch!  Tested  by  time  and 


No.  6798 

1  5/16'  Mounting  Contof 
3/64'  top  plate 


Standard  with  an  enviable  record  for 


Jki  CINCH 

.  A/ffftv  //ow/ , 


meeting  TODAY’S  MANUFACTURINO 


EMERGENCIES 


Samples  and  (urdter  information  on  request 


CINCH  HUG.  CORPOtATION,  2335  W.Von  Intm  St.,  Chicogo  12,  M.,  Saksldlerr  af  UaHeiUerr  fmstaear  Caip^  Cambridta  4Z  Mass, 


Wavelengths,  of  SOUND  (Continued)' 


proximately  circular  or  square 
cross-section,  with  free  sides,  the 
effective  velocity  varies  with  the 
ratio  of  diameter  to  wavelength  as 
illustrated  by  Fig.  lA,  where  V,  is 
the  bulk  velocity  and  is  the  long 
bas*  velocity.  For  most  metal  back¬ 
ing  materials  the  ratio  YJVi  is 
about  0.65. 

For  rectangular  elements  with 
free  sides  whose  thickness  is  less 
than  the  width,  the  effective  velocity 
for  the  element  vibrating  in  exten¬ 
sion  (not  thickness)  varies  with 
the  ratio  of  width  to  wavelength  as 
illustrated  by  Fig.  IB.  Crystals  are 
usually  of  such  size  that  this  curve 
is  applicable.  The  ratio  Yt/Yx  can 
be  taken  as  equal  to  0.8  for  most  of 
the  cuts  of  crystals  in  general  use. 

Constraints  on  the  sides  of  the 
cylindrical  elements  have  the  effect 
of  increasing  the  ratio  of  diameter 
to  wavelength.  Similarly,  con¬ 
straining  the  sides  of  rectangular 
elements  increases  the  effective 
ratio  of  width  to' wavelength. 

The  velocity  for  a  zero  diameter- 
to-wavelength  ratio  is  the  long  bar 
velocity,  and  the  velocity  for  an 
infinite  diameter  -  to  -  wave  -  length 
ratio  is  the  bulk  (plate)  velocity. 
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FIG.  2 — Variation  of  longitudinol  velocity 
in  45-degree  X-cut  Rochelle-aalt  crystal 
with  temperature 
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FIG.  3 — Nomograph  based  on  relation  thot  velocity  is  equal  to  product  of  frequency 
and  wavelength.  When  any  two  known  values  are  connected  by  straightedge,  inter¬ 
section  with  third  scale  determines  value  sought 


P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 


MALLORY  Carbon  Controls 
Operate  Noiselessly ...  and 

that’s  only  part  of  the  story 

When  you  specify  a  Mallory  carbon  control  for  that  radio  you’re 
designing,  you  won’t  get  complaints  about  the  loudspeaker  rattling  or 
thumping — about  the  control  itself  developing  "scratch-itis.”  Mallory 
carbon  controls  are  practically  noise-proof.  Careful  selection  of  mate¬ 
rials  and  a  unique  technique  of  processing  resistance  elements  take 
j»re  of  that.  • 

Noiseless  operation  is  just  one  reason — but  far  from  the  only  one — why 
you  expect  more  and  get  more  from  Mallory  carbon  controls.  Check  the 
list  of  features  tabulated  below.  Then — contact  our  district  sales  office 
or  write  us  direct.  Special  engineering  help,  of  course,  is  available,  too. 

• . .  Only  Mallory  Carbon  Controls  Offer  All  These  Features  . . . 

Low  "Hop-Off”  Resistance  .  .  .  Minimum  Short-Out  Resistance  .  .  . 
Smooth-Operating  Silver  Alloy  Contactor . . .  High  Humidity  Resistance 
. . .  Low  Noise  Level . . .  Extremely  Accurate  Taper  Construction  ... 
Non-Distorting,  Non-Loosening  Assembly  Construction  . . .  Spring  Pres¬ 
sure  Terminals,  Smooth  Bearing  Surfaces,  Mallory  Spring  Alloy  Con¬ 
tact  Arms,  Self-Lubricating  Elements — all  contributing  to  longer  life. 
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RESISTORS 
(FIXED  AND  VARIABLE) 
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GUARDIAN  SERIES  R 


I  Continuous  Rotation 

In  this  type  the  contact  finger  advances  one 
step  each  time  the  circuit  is  made  and 
broken.  Weight  approximately  20'/2  ozs. 


D«sign  •rtgineert  or*  discovering  now,  officienf,  money-saving  applica¬ 
tions  daily  for  Guardian  basic-type  Stepping  Relays.  Typical  applications 
include  Automatic  Sequence  selection  of  circuits;  Automatic  Sequence 
cross  connection  of  circuits;  circuit  control  of  Automatic  Business 
Machines;  control  of  Production  Totalizing  and  Conveyor  equipment; 
remote  selection  of  records  on  Coin  Operated  Phonographs;  Automatic 
Circuit  Selection  controlled  from  a  pulsing  dial;  Automatic  Wave  Changing 
on  short  wave  transmitters.  This  Guardian  Stepping  Relay  is  furnished  for 
three  basic  types  of  A.C.  and  D.C.  operation:  Continuous  Rotation — Electri¬ 
cal  Reset— Add  and  Subtract.  On  each  of  these  types  the  contact  finger 
rotates  in  a  counter-clockwise  direction  and  all  three  types  ore  designed 
to  follow  10  pulses  per  second  within  the  rated  voltage  range  of  the  relay. 
Special  construction  prohibits  skipping  or  improper  indexing  of  the  ratchet. 
Guardian  Steppers  may  be  furnished  as  separate  units;  in  combination 
with  relays,  contact  switches,  solenoids,  etc.,  completely  assembled  and 
wired  to  terminals;  mounted  on  special  bases  or  In  enclosures.  Any 
Stamford  Guardian  Stepping  Relay  can  be  modified  to  meet  practically 
oil  “special”  stepper  control  applications  where  quantities  warrant 
special  designing.  For  complete  details  write  for  Bulletin  SR. 


A  fclecrrical  Keset 

Resets  when  a  second  coil  is  energized, 
y^eight  approximately  23  ounces. 


U  Add  and  bubtracf 

Steps  bock  one  or  more  contacts  at  a  time 
instead  of  resetting  completely.  Weight  ap¬ 
proximately  28 '/i  ounces. 


TYPICAL  GUARDIAN  UNITS 
AVAILABLE  IN  COMBINATION 
WITH  GUARDIAN  STEPPERS 


GUARDJANl^JELECTRIC 


■  Gwardian 
Featharub  Switch 


Sariat  100 
Snap-Action  Ralay 


1625-C  W.  WALNUT  STREET  CHICAGO  12,  ILLINOIS 

k  CiHkifTi  iiNi  tr  kiikTS  sikviac  keciickk  ikiisikv 


Sarias  500 
Midgat  Ralay 


Saria*  l-A  Solanoid 
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Microwave  Communications  System 


The  Raytheon  microwave  com¬ 
munications  system  (Electronics, 
Oct.  1946,  p  146)  is  composed  of 
point-to-point  radio  relay  equip¬ 
ment  operating  in  the  2,450-2,700- 
mc  or  3,700-4,200-mc  region. 

An  intelligence  band  from  30  cy¬ 
cles  to  30  kc  is  transmitted.  This 
band  can  be  channelized  in  any  de¬ 
sired  manner  for  the  simultaneous 
transnlission  of  telephone,  tele¬ 
graph,  teleprinter,  and  other  types 
of  information. 

The  transmission  system  utilizes 


the  Fraim  method  of  modulation, 
in  which  the  aggregate  intelligence 
frequency-modulates  a  240-kc  sub¬ 
carrier.  The  peak  frequency  swing 
extends  from  180  to  300  kc.  The 
subcarrier  excitation,  which  has  a 
square  waveform,  operates  a  keyer 
tube  which  alternately  interrupts  a 
magnetron  anode  supply  at  the  sub¬ 
carrier  rate.  The  radiated  wave 
therefore  consists  of  4,000-mc  oscil¬ 
lations  which  are  keyed  on  and  off 
at  a  rate  v.'hich  varies  between  180 
and  300  kc. 

The  front  end  of  the  receiver  em-- 
ploys  a  conventional  superhetero¬ 
dyne  arrangement  in  which  the  in¬ 


coming  signal  from  the  antenna  is 
mixed  with  a  local  oscillator  to  pro¬ 
vide  30-mc  i-f  excitation.  The  i-f 
amplifier  is  followed  by  a  conven¬ 
tional  a-m  detector.  At  this  point 
the  received  signal  is  simply  a  fre¬ 
quency-modulated  square  wave.  The 
output  of  the  detector  is  transmit¬ 
ted  through  a  bandpass  filter  to 
eliminate  extraneous  noise.  The  f-m 
square  wave  is  then  limited  and  fre¬ 
quency-detected  in  a  low-distortion 
discriminator  circuit. 

As  in  all  f-m  systems,  tw’o  signal 


level  requirements  must  be  met  for 
satisfactory  operation:  the  carriqr- 
to-noise  level  in  the  bandpass  filter 
before  the  subcarrier  limiters  must 
exceed  six  db  under  all  conditions 
of  circuit  fading,  and  adequate  sig- 
nal-to-noiser  level  must  be  provided 
in  the  intelligence  channel  for  the 
particular  type  of  information 
transmitted. 

Tests  demonstrate  that  the  trans¬ 
mitted  power  is  sufficient  to  allow 
for  40  db  of  fading  before  the  sig¬ 
nal  drops  below  the  noise  threshold. 
This  eliminates  the  necessity  for 
diversity  reception  in  the  majority 
of  installations. 

Antenna  System 

For  economical  as  well  as  tech¬ 
nical  considerations,  Raytheon 
recom*mends  that  two-way  repeater 
station  antennas  be  mounted  on 
two  poles  joined  by  a  wooden  cross- 
arm  and  adequately  guyed.  One 
transmitting  and  one  receiving  an¬ 
tenna  are  mounted  on  each  pole,  as 
nearly  back-to-back  as  possible. 
Transmitting  antennas  should  have 
like  polarization  and  be  diametri¬ 
cally  spaced.  Receiving  antennas 
should  have  like  polarization  but 
differing  by  90  degrees  from  that  of 
the  transmitting  antennas.  All  r-f 
equipment,  except  the  transmission 
line  and  antenna,  is  on  the  ground. 

Three  basic  types  of  antennas  are 
used:  a  two-foot  solid  parabolic 
dish  with  dipole  feed,  a  3  x  3-foot 
screen  section  of  a  parabolic  dish 
with  horn-type  feed,  and  a  46-inch 
circular  section  of  a  parabolic  dish 
with  cavity  dipole  feed.  The  approx¬ 
imate  gains  are  respectively  25,  28 
and  32  db.  The  appropriate  antenna 


Block  diagram  of  tho  microwoTe  roceiTor.  A  klyttron  oscillator  feeds  a  crystal  mixer 

for  conxersion 


Block  diagram  of  the  microware  transmitter.  Jocks  permit  operation  as  repeater  or 
terminal  ecpiipment  and  allow  monitoring  of  circuits 
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Send  for  this  helpful  Data  Book  on  tubes  by 

III  concise,  tabular  form,  this  new  book  gives  the  ^  a  ^  ^ 

essential  data  on  166  codes  of  electron  tubes  designed  ^ m. 


In  concise,  tabular  form,  this  new  book  gives  the 
essential  data  on  166  codes  of  electron  tubes  designed 
by  Bell  Laboratories  and  made  by  Western  Electric. 
Planned  to  help  the  circuit  designer  quickly  find 
the  tube  best  suited  to  his  needs,  it  contains  technical 
characteristics,  ratings,  dimensions  and  89  basing 
diagrams — all  arranged  for  quick,  easy  reference. 
Send  the  coupon  for  your  copy  today! 

-QUALITY  COUNTS- 


Graybar  Elertric  Co., 

•120  Lexington  Ave.,  New  York  17,  N.  Y. 

Pleatte  send  me  the  General  Itulletin  on  fPesteen 
Electric  electron  tubes. 


A«lclresrt_ 
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should  be  chosen  for  the  path  cir¬ 
cuit  conditions,  such  as  distance  of 
transmission  and  type  of  interven¬ 
ing  terrain.  Waveguide  feeds  have 
been  found  more  practical  than  di¬ 
pole  assemblies  because  of  the  more 
stable  operation  under  all  weather 
conditions  and  the  ease  of  initial 
adjustment. 

Transmitter 

The  circuit  of  a  50-watt  micro- 

# 

wave  transmitter  is  shown  in  the 
accompanying  diagram.  Tube  V-2 
is  a  multivibrator  whose  frequency 
is  directly  controllable  by  varying 
its  bias.  In  an  unmodulated  'condi¬ 
tion  the  frequency  of  this  subcar¬ 
rier  oscillator  is  240  kc.  Under  mod¬ 
ulating  conditions,  the  variation  of 
the  audio  signal  causes  the  relaxa¬ 
tion  oscillator  to  shift  in  frequency 
from  a  minimuni  value  of  approxi¬ 
mately  180  kc  to  a  maximum  value 
of  - approximately  300  kc.  Tube  V-3 
is  a  conventional  buffer  amplifier. 

The  portion  of  the  circuit  so  far 
described  represents  a  complete  f-m 
system,  utilizing  a  240-kc  carrier. 
This  carrier  could  be  transmitted 
over  an  open-wire  line,  a  coaxial 
cable,  or,  as  in  this  instance,  over 
an  -additional  microwave  carrier. 
Since  any  concomitant  amplitude 


modulation  is  undesirable  in  an  f-m 
system  and  may  add  noise  in  the 
transmitting  end  unless  removed  by 
limiting,  tubes  V-4,  V-5,  V-6,  V-7, 
and  V-8  are  provided  to  accomplish 
this  function  by  allowing  the  signal 
to  swing  their  grids  from  cutoff  to 
plate  saturation.  The  807  tube  per¬ 
forms  the  switching  function;  it 
keys  the  oscillator  QK-117  (4J65) 
on  and  off  at  the  subcarrier  rate  by 
interrupting  the  anode  supply  volt¬ 
age  from  the  1616  rectifiers. 

In  the  receiver  portion  of  the  sys¬ 
tem,  the  incoming  signal  from  the 
antenna  is  combined  with  output 
from* a  QK-157  klystron  oscillator 
in  a  crystal  mixer  to  't)rovide  the 
80-mc  signal.  Tubes  V-2,  V-3,  V-4, 
V-5,  and  V-6  amplify  this  i-f  signal 
before  a-m  detection  in  tube  V-7. 
Tubes  V-8,  V-9,  and  V-10  function¬ 
ally  combine  to  frequency-control 
the  local  oscillator  .automatically. 
The  detected  signal  from  tube  V-7 
is  transmitted  .through  an  80-400- 
kc  bandpass  filter.  Tubes  V-12,  V- 
13,  V-14,  and  V-15  amplitude-limit 
the  subcarrier  before  it  is  con¬ 
verted  into  amplitude  modulation 
by  the  f-m  to  a-m  discriminator 
tube  V-16.  Tube  V-17  is  an  ordinary 
audio  amplifier  which  is  followed  by 
a  30-kc  low-pass  filter. 


made  possible  by  development  of  a 
magnetic  material  for  coating  the. 
film  that  has  a  high  coercive  force. 

The  new  material  has  a  fine  grain 
size  of  a  micron  or  less.  It  is  not 
affected  by  photographic  solutions, 
so  that  magnetic  sound  can  bo  re 
corded  simultaneously  with  the  pic¬ 
ture,  or  can  be  put  on  afterwards. 
The  magnetic  track  is  put  on  the 
film  by  coating  a  track  0.045  inch 
wide  and  0.0005  inch  thick  on  the 
edge  of  ordinary  sixteen-millimeter 
filip.  This  runs  through  the  pro¬ 
jector  at  the  standard  sound  speed 
of  36  feet  per  minute. 


I  FRAME 


MAGNETIC  COATING 


EMULSION> 


The  magnetic  coating  can  be  applied  to 
one  edge  of  16-mm  film  and  the  opposite 
edge  left  blonk.  coated  with  nonmagnetio 
material,  or  used  as  a  second  sound  track 
for  more  intimate  remarks  to  a  select  group 


Although  the  coating  makes  the 
film  thicker  on  one  edge  than  the 
other,  no  difficulty  has  been  experi¬ 
enced  in  reeling.  To  insure  sym¬ 
metry,  the  opposite  edge  could  be 
coated  with  an  equal  thickness  of 
blank  material,  or  an  additional 
track  could  be  put  on  that  edge.  The 
extra  track  could  be  used  for  a  bin¬ 
aural  system  or  for  special  sound 
effects. 

Instead  of  placing  a  track  on  the 
outside  of  the  film,  16-mm  sound 
film  can  be  used  with  the  track  on 
the  unsprocketed  side  to  allow  a 
wider  track  and  increased  fidelity. 

The  magnetic  head  used  to  play 
back  the  sound  is  spring-pressed 
against  the  film  while  it  rides  on  a 
flywheel  stabilizer.  Such  a  head  is 
easily  mounted  on  conventional  pro¬ 
jectors  and  can  be  connected  to  an 
a-f  amplifier.  By  switching  circuits 
the  same  head  can  be  used  for  eras¬ 
ing,  recording,  or  playback. 

As  shown  in  the  block  diagram 
(continued  on  p  158) 


Magnetic  Sound  for  Amateur  Movies 


A  SIMPLE  system  for  putting  a  been  exposed  and  developed  has 
sound  track  on  movie  film  either  in  been  announced  by  Armour  Re¬ 
manufacture  or  after  the  reel  has  search  Foundation.  This  has  been 


HEAD 


PLAYBACK 

EQUALIZER 


Eiaential  atagea  of  the  magnetic  aound  syatem  for  home  moTie  film 
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AMPLIFIER 

J 

RECORDING 

EQUALIZER 

'1  (HI 


MPM  Resistors 


BTR  Resistors 


TYPE  SH  Fingertip  Switch 


Whenever  and  wherever  space  is  at  a  premium ...  I 
in  shavers,  hearing  aids,  pocket  radios,  guidec^ 
missiles  and  other  radio,  electrical  or  electrfnic 
devices . . .  you  can  use  one  or  more  of  tllese  four 
miniature  products  IRC  raakes-by-[he*million. 

For  complete  information,  incluqing  dimensions, 
ratings,  materials,  construction,  tolerances,  write 
for  comprehensive  ca^log  bulletins,  stating 
products  in  which  |you  are  interested: 


wott  for  UHF.  Resistance  film  permanently 
bonded  to  solid  ceramic  rod.  Length 
only  *h".  Diameter  Available 
resistance  values  30  ohms  to  1.0  megohms. 


yi  watt — insulated  composition.  Length 
only  “6".  Diometer  Resistance 
range  470  ohms  to  22  megohms 
(higher  on  special  orders). 


Similar  to  TYPE  H  Control  (left)  in  appearance. 
*fis"  diameter.  OFF  and  3  operating  positions. 


Composition  volume  or  tone  control. 
Its  *fts"  diameter  and  overall 
depth  include  knob  and  bushing. 


^ANCE  COMPANY 

HIA  8,  PENNSYLVANIA  * 

Pt,  ITD..  TOUONTO,  UCINSH 


INTERNATIONAL 

401  N.  BROAD  STREE' 

IN  CANADA  INTIINATIONi 


When  a  little 

1 

1 

i  • 

means  a  lot 
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ages  are  converted  to  pulse-width- 
modulation  of  a  five-watt  trans¬ 
mitter. 

At  the  receiving  station,  each  in¬ 
coming  signal  forms  a  line  on  a 
c-r  tube  whose  length  is  propor¬ 
tional  to  the  ’quantity  being  meas¬ 
ured. 


INDUSTRIAL  CONTROL 
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Telemetering  In  Stratosphere.. 

Electrostatic  Flocking  . 

Fluorescent  Lomp  Delay  Timer 
First  Factory  F-M  Radiophone. 
Ultrasonics,  A  New  Tool . 


Electrostatic  Flocking 

Electrostatic  coating  or  flocking 
of  fibers  to  form  a  pile  fabric  is  a 
new  industrial  technique  using  high 
potentials  like  those  encountered  in 
Tests  of  V-2  rockets  fired  at  the  mechanically  commutated.  Each  of  painting,  detearing,  and  depositing 
U.  S.  Army  Ordnance  Proving  a  number  of  quantities  of  interest  of  sand  particles  for  sandpaper. 
Ground,  White  Sands,  N.  M.,  now  is  converted  to  a  voltage  between  In  the  electrostatic  method  of 
supply  28  items  of  information  to  zero  and  plus  five  volts  and  then  is  making  pile  fabrics,  the  backing 
the  ground  observers  every  l/35th  connected  to  one  segment  of  a  sta-  material  is  coated  with  an  adhesive 
of  a  second.  This  job  is  done  by  10  tionary  commutator.  Twenty -eight  and  fed  ^between  a  pair  of  elec- 
electronic  tubes  in  the  rocket  war-  such  channels  are  provided  and  a  trodes  so  that  the  adhesive  faces 
head,  powered  by  a  28-v  battery.  rotating  brush  samples  each  of  downward.  Evenly  cut  fibers  of 
The  General  Electric  system  is  these  35  times  per  second.  The  volt-  wool,  cotton,  rayon,  and  the  like 

are  fed  continuously  on  a  moving 
fbat  travels  parallel  to  the 
material.  When  the  fibers 
are  the  they 

are  up  to  the 

and  embedded.  Because  the 
libers  have  the  same  polarity, 

they  one  another 

space  themselves 

Mg  apart.  The  re- 

from  the  power 

supply  from  50,000  to 

000  volts. 


Telemetering  In  Stratosphere 


Arrangement  of  electrodes  for  electrostatic 
deposition  of  fibers  to  form  a  pile  fabric 


To  obtain  good  fiocking  of  high 
density  and  uniform  appearance, 
the  textile  fibers  must  be  cut  to 
uniform  lengths.  This  is  more  eco¬ 
nomical  than  subsequently  shearing 
nonuniform  flocked  fibers  to  obtain 
a  level  pile  surface.  Fiber  cutting 
machines  have  been  developed  that 
give  highly  uniform  cut  lengths, 
and  as  a  consequence  electrostati¬ 
cally  flocked  materials  require  no 
shearing  or  singeing  operations. 

The  first  commercial  use  of  elec¬ 
trostatic  flocking  of  textiles  was  in 
the  decoration  of  dress  goods,  by 

(continuad  on  p  184) 


Gyro  tfoerlng  control  ond  telemetering  of  28  initruments  In  flight  !•  done  with  G-E 
equipment  in  tests  of  the  V-2  rockets.  The  gantry  crane  shown  aboTe  has  expedited 
preparation  and  assembly  of  the  electronic  control  gear  in  the  missile 
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war  for  use  in  radar  jammers,  pro¬ 
vide  greater  output  than  previ¬ 
ously  obtained. 

Characteristics  of  Gas  Tubes 

Gas  tubes  have  always  had  a  rep¬ 
utation  of  being  noisy,  although  the 
character  of  the  noise  has  not  been 
clearly  defined.  Recent  investiga¬ 
tions  have  shown  that  the  noise 
generated  in  hot  cathode  arcs  con¬ 
sists  of  oscillations  of  several  hun¬ 
dred  kilocycles  superimposed  on  a 
background  of  random  noise.  The 
random  noise  contains  a  continu¬ 
ous  band  for  frequencies  extending 
from  the  very  low  audio  range  to 
five  megacycles.  A  suitably  placed 
magnetic  field  greatly  increased  the 
noise  level  and  eliminated  the  os- 
cillatioi^s. 

The  spectrum  obtained  from  a 
typical  gas  tube  without  magnetic 
field  is  shown  in  Fig.  lA  for  two 
discharge  currents.  The  noise  level 
is  expressed  in  db  above  10  /av/ 
(kc)*^  because,  if  the  bandwidth  of 
the  spectrum  analyzer  is  sufficiently 
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Proton  Microscope  . . 

Noise  in  Gas  Tubes . 

Negative  Impedance  . . 

Shielding  Filters  for  Insertion  Loss  Measurement 

Noise  Suppression  Circuit . 

Experimental  UHF  Equipment . 

Self  Balancing  Phase  Inverter . 


Proton  Microscope 


A  PROPOSED’ electrostatic  microscope  be  expected,  which  could  be  in- 
would  make  use  of  protons  instead  creased  to  600,000  by  photographic 
of  electrons,  because . neither  mass  enlargement  (Comp.  Rend.,  p  770 
nor  charge  of  the  beam  corpuscles  May  1945). 
enter  the  equation  for  image  forma¬ 
tion.  For  the  same  accelerating 
potihtial,  the  limit  of  useful  magni¬ 
fication  for  the  proton  microscope  Noise  in  Gas  Tubes 
is  forty  times  that  of  the  electron 
microscope,  because  of  the  smaller 
diffraction  pattern  of  the  former. 

Penetrating  power  of  protons  is 
less  than  electrons,  so  such  a 
microscope  would  be  limited  to  use 
with  extremely  thm  samples  or  for 
reflecting  targets.  Details  sepa¬ 
rated  by  3A  should  be  resolvable.  A 
direct  magnification  of  20,000  could 


By  J.  D.  Cobine  and  C.  J.  Gallagher 

Radio  Research  Laboratory 
Harrard  University 
Cambridye,  Mass. 

C.iuthors  now  at  Research  Laboratory, 
General  Electric  Co.,  Schenectady,  V.  Y.J 

Noise  for  visual  presentation  of 
filter  frequency  response  and  for  re¬ 
verberation  can  be  obtained  from 
gas  tubes.  High  level,  wideband 
noise  sources,  developed  during  the 
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Coaxial  Cable  Television  Network  Facilities 
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mTest  palm  beach 

MIAMI 


COAXIAL  CABLE  NOW  UNDER 
CONSTRUCTION  OR  BEING 

installed 

COAXIAL  CABLE  PLANNED 
FOR  NEXT  FEW  YEARS 


In  addition  to  the  New  York  to  Washington  coaxial  cable  in  use  since  August  by 
East  Coast  teleyision  broadcasters  and  available  on  an  experimental  basis  in  both 
directions.  A  T  &  T  is  installing  cable  facilities  as  shown  on  the  map.  Nationwide 
television  network  facilities  will  ultimately  be  provided  by  special  repeaters  on  the 
coaxial  lines,  and  by  radio  relay  now  undergoing  trial  operation  between  New 

York  and  Boston 


40  60  80 

ANODE  CURRENT  IN  MA 


FIG.  1 — Noise  characteristics  of  884  for 
various  operating  conditions 
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YOU  GET  QUALITY  PLUS  ENGINEERING  SERVICE  WITH  G-E  PERMANENT  MAGNETS 


A  voice  coil  wound  on  an 
aluminum  base  moving  in 
the  field  of  an  ALNICO  5 
permanent  magnet — that's 
the  heart  of  the  modem  G-E 
loudspeaker.  Current  pass¬ 
ing  through  the  coil  in  the 
magnetic  field  causes  the 
coil  and  attached  cone  to 
vibrate  in  proportion  to  the 
applied  alternating  voltage, 
thus  producing  sound  waves. 
ALXICO  5  offers  maximum 
energy  with  reduced  size  and 
weight,  minimum  losses  and 
increase  of  sensitivity  and 
power. 


General  Electric’s  precise  quality  control  methods  used 
throughout  magnet  production,  plus  accurate  testing  and 
rigid  inspection  assure  you  of  receiving  magnets  of  the 
highest  uniform  quality  for  your  application. 

Greater  flexibility  of  magnet  design  is  possible  with  the 
many  G-E  permanent  magnet  materials  now  available. 
The  large  group  of  sintered  and  cast  ALNICO  alloys  has 
been  augmented  by  the  lightweight,  non-metallic  mixture, 
VECTOLITE,  and  by  the  ductile  permanent  magnets, 
CUNICO,  CUNIFE  and  SILMANAL.  From  such  a  wide 
choice  of  materials,  you  may  now  find  a  magnet  better 
suited  for  your  application  or  a  material  which  will  make 
possible  new  designs  heretofore  impractical  or  impossible. 

General  Electric  engineers,  backed  by  research  and 
application  experience,  have  acquired  years  of  “know-how” 
in  selecting  the  best  permanent  magnet  material  and 
properly  designing  magnets  for  thousands  of  products. 
These  engineers  are  at  your  service.  Metallurgy  Divi.non, 
Chemical  Dept.,  General  Electric  Co.,  Pittsfield,  Mass. 


SEND  FOR  NEW  BULLETINS 
ON  G-E  PERMANENT  MAGNETS 


We  shall  be  glad  to  send  you  upon  request 
our  new  bulletins,  CDM-J,  "Permanent  Magnets," 
and  COM-2,  “Cast  and  Sintered  Alnico,  Catalog 
Supplement,"  both  specifically  designed  to  help 
you  with  your  permanent  magnet  problems. 

CDM-J  contains  information  about  the  charac¬ 
teristics  and  properties  of  G-E  permanent  mag¬ 
net  materials,  their  application  and  design. 
Listed  in  the  catalog  supplement,  COM-2,  are 
sintered  and  cast  Alnico  permanent  magnets 
available  from  stock.  Proposed  R.M.A.  standard 
speaker  magnets  are  included. 

For  your  copies,  please  fill  out  the  coupon 
below. 


,  METALLURGY  DIVISION 
I  SECTION  FA-3 

I  CHEMICAL  DEPARTMENT  V 

I  GENERAL  ELECTRIC  COMPANY  , 

I  PITTSFIELD,  MASS. 

I  Please  send  me  your  new  bull»tin$, 

I  COM'?  and  CDM-2,  on  G-E  P^rmanont  Magnots. 
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NAME.— . 

TITLE . 

. . . 

. . 

.  1 

1 

COMPANY . 

1 

1 

ADDRESS . 

CITY..._ . 

.  -STATE- 

i 

1 

— 

Table  I — ^Noise  Characteristics  of  Gas  Tubes 


Tube 

Current 

(ma) 

Oscillation 

Noise  l.evel 

i  decil)els'‘  | 

volts 

RMS 

4  me 

(kc) 

(db)« 

50  kc 

1  me 

5  inc 

Shot  f  ... . 

150 

-11 

-It 

-14 

0  00133 

Noise'^.  I  . . . . 

10 

— 

— 

-26 

-26 

-26 

0.00031 

884  1  . . . . 

40 

180 

76 

66 

70 

35 

0  91 

(.... 

3 

440 

76 

24 

22 

-8 

_ 

2A4G . 

100 

4.50 

52 

.50 

24 

—  5 

0.06 

WL629. 

40 

210 

85® 

44 

58 

WE256A . 

75 

120 

51 

38 

40 

-4 

0.4 

RK62  . 

1  5 

650'^ 

34 

1 

10 

2050. ./.... 

90 

150 

84 

60 

31 

14 

\ . 

3 

90 

78 

.36 

It 

-10 

_ 

6Q5G ....../' 

40 

5.50 

73 

45 

50 

17 

_ 

FG178\ 

12.5 

100 

78 

38 

2D21 . 

41 

85 

94 

80*- 

54 

18 

816 . 

125 

170 

67 

60® 

37 

9 

— 

•  Zero  level  is  10  fiv/(kc).‘/* 

Temperature  diode  with  3,000  ohm  plate  resistor. 

®  Second  harmonic  amplitude  is  90  dh. 

**  Probably  another  nonharmonic  peak  below  100  kc. 

®  Approximate.  • 


Table  II — Noise  with  Transverse  Magnetic  Field 


Tube 

Current 
i  (ma) 

Flux 

Density 

(Gauss) 

Noise  I.evel  j 

T  yjie** 

(peak 

volts) 

decibels* 

100  kc  1 

1  me 

5  1110 

6D4...  f . 

5 

375 

8.2 

1 

63 

76 

38 

B® 

(2C4)  { . 

5 

720 

— 

66 

76 

43 

20 

375  1 

— 

70 

53 

884 . 

45 

1,0.50 

5 . 6 

56 

62 

18 

B 

2A4G . 

100 

2,000 

8  3 

60 

!  60 

to 

A 

WL629 . 

40 

2,. 500  { 

4.  t 

71  1 

69 

43 

A 

WE2.56A . 

75 

2,000  1 

_ 

65  1 

58 

33 

B 

RK62 . 

7 

620 

— 

60 

57 

42 

C'l 

6Q.5G 

-  to 

2  500 

_ 

63 

37 

C** 

WE323A . '. 

100 

1)800 

— 

62 

tt 

8 

A 

2050 . . 

75 

500 

— 

71 

47 

13 

d 

FG178A . 

200 

960 

9.9  . 

82 

1  70 

43 

A 

2D21 . .  / . 

41 

1,200 

5 

72 

70 

47 

• 

\ . 

30 

700 

5 

70 

6t 

16 

r 

GL.546 . 

13 

7  to 

— 

68 

70 

1 

48 

*  Zero  level  is  10  /iv/(kc).‘  * 

**  See  Fig.  2B. 

®  Standard  RRL  Noise  Unit,  Maximum  is  80  dh  at  700  kc. 
Oscillations  not  suppressed. 

*  Anode  to  cathode  noise. 

*  Grid  to  anode  noise. 


small,  the  random  noise  voltage  va¬ 
ries  as  the  square  root  of  the  band¬ 
width. 

The  two  peaks  in  the  curve  of 
Fig.  lA  for  the  higher  current  rep¬ 
resent  two  distinct  oscillations 
that  are  not  harmonically  related. 
The  lower  frequency  peak  is  due 
to  plasma  ion  oscillations;  the 
higher  frequency  peak  is  caused  by 
oscillations  of  positive  ions  in  the 
potential  minimum  at  the  cathode. 
A  summary  of  the  characteristics 
of  a  number  of  hot  cathode  dis¬ 
charge  tubes  is  presented  in  Table 
I.  This  table  gives  the  frequency 
and  amplitude  of  the  lowest  fre¬ 
quency  oscillation,  as  well  as  the 
noise  level  at  three  selected  fre¬ 
quencies.  The  values  are  average, 
there  being  considerable  variation 
from  tube  to  tube.  The  last  colunm 
gives  the  total  rms  noise  voltage 
obtained  by  integrating  the  spec¬ 
trum  from  zero  to  four  megacycles. 
For  comparison,  the  level  of  shot 
noise  of  a  diode  for  two  different 
currents  and  With  a  3,000  ohm  load 
resistance  is  presented.  The  shot 
noise  is  much  lower  than  that  ob¬ 
tained  from  the  gas  tubes. 

Effect  of  Magnetic  Field 

.If  a  transverse  magnetic  field  is 
applied  across  the  discharge  and 
the  ^§eld  strength  gradually  in¬ 
crease)  the  spectrum  of  noise  un- 
•  dergoes  marked  changes.  Figure 
IB  shows  the  change  observed  in 
an- 884.  For  this  particular  tube  the 
amplitude  of  the  low  frequency  os¬ 
cillation  at  400  kc  increased  slightly 
for  low  magnetic  field  strengths  and 
then  disappeared  with  no'  change 
in  frequency  as  the  field  was  further 
increased. 

The  cathode  oscillation  is  differ¬ 
ently  affected  by  the  magnetic  field. 
The  frequency  of  the  peak  noise  in¬ 
creases  with  increasing  magnetic 
field,  and  the  spectrum  in  the  vicin¬ 
ity  ‘ of  the  peak  broadens  so  that 
eventually  a  distinct  oscillation  is 
no  longer  observed.  The  noise  at 
50  kc  and  5  me  go  through  a  mini¬ 
mum  at  210  gauss  and  then  increase. 
The  ultimate  level  of  the  6  me 
noise  is  about  12  db  higher  than  the 
zero  field  level. 

It  is  interesting  to  note  that  there 
is  an  optimum  value  of  magnetic 
field  for  which  the  total  variational 
voltage  is  a  minimum,  as  shown  in 


Fig.  1C.  This  optimum  value  of 
field  is  dependent  on  the  current 
as  is  the  minimum  value  of  the 
peak-to-peak  voltage,  as  shown  in 
Fig.  ID.  Because  of  variations  be¬ 
tween  tubes,  the  exact  value  of  the 
optimum  field  must  be  found  ex¬ 
perimentally  for  any  given  tube. 
This.' property  of  reducing  the  vari¬ 
ational  voltage  has  been  very  useful 
in  control  circuits  where  other 
tubes  are  subjected  to  undesirable 
random  triggering  under  the  influ¬ 
ence  of  a  conducting  gas  tube. 


The  general  shape  of  the  spec¬ 
trum  obtained  from  a  gas  tube  de¬ 
pends  on  the  type  of  tube.  Figure 
2A  shows  spectra  of  several  types 
of  tubes  with  magnetic  fields.  The 
noise  levels  are  compared  with  the 
noise  levels  from  a  931 A  electron 
multiplier  phototube  and  a  temper¬ 
ature-limited  diode. 

Shape  of  the  spectrum  is  deter¬ 
mined  by  tube  geometry.  Three 
general  types  of  structure  are  found 
in  commercial  tubes  as  shown  in 

(Confinuad  on  p  IM) 
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S/ecAtmic^  tmd  zAlecActnic^ 

^lmI  Hyflux  magnetic  tape  has  changed  sound  recording  from  a  mechanical  operation 

to  a  combined  electronic  and  magnetic  circuit  with  mechanical  driving  mechanism  to  attain 
w  unexcelled  reproductive  quality.  The  elimination  of  mechanical  noise  inherent  in  previously 

used  sound  recording  techniques  is  a  major  factor  in  the  utility  and  flexibility  of  this  new 
^WW  medium.  Permanent  magnets  have  been  useful  for  many  years  in  the  field  of  sound  in 

^  transforming  mechanical  energy  into  electrical  energy,  but  the  introduction  of  Hyflux,  which  is 

a  finely  divided  magnetic  material,  establishes  a  new  transformation — that  of 
electrical-to-magnetic-to-electrical  energy.  The  result  is  a  high-fidelity,  noise-free,  continuous 
I  recording  adaptable  to  a  wide  field  of  application.  Features  of  instantaneous  and  repetitious 

erasure,  visual  and  audio  editing,  as  well  as  permanency  attributable  to  the  high 
coercive  force  of  the  magnetic  material,  and  durability  due  to  the  choice  of  paper  used 
combine  to  offer  the  development  engineer  one  of  the  most  versatile  tools  which 
he  has  encountered  for  many  years.  Our  engineers,  experienced  through 
several  years’  development  work  on  Hyflux  Magnetic  Tape,  will  be  glad  to  consult 
with  you  on  any  technical  applications  which  you  consider  feasible?  Write  today  for 
our  engineering  bulletin  EBT  101.  A  few  of  the  uses  for  which  Hyflux  is 
currently  being  tested  and  which  indicate  favorable  reactions  are:  1.  Racording  of 
audio  signals  or  pulses  of  any  duration  or  wave  shape.  2.  Seismograph 
investigation.  3.  Memory  record  for  electronic  calculating  machines.  4.  Retention 
of  telegraphic  signals.  5.  Multiple  single-tone  reproduction  as  used  in  electric 
organs.  6.  Radio  transcriptions  for  Broadcast  Studios.  7.  Sound  on  film. 

8.  Control  signals  for  industrial  machines  and  safety  devices. 

9.  Continuous  advertising  or  announcing  equipment.  1 0.  Home  and 
amateur  recording.  11.  Business  office  and  conference  use. 


r - 

AM  PLIFIER 

j 

Hr  FLUX  MAGNFTtC 
RECORD/A/G  CfRCU/T 


THE  IHDIANA  STEEL  PRODUCTS  COMPANY 


rROOUCiRS  OF  "RACKAGID  INIR6Y” 

6  NORTH  MICHIGAN  AVfNUE  •  CHICAGO  3/  III. 


SRICIAIISTS  IN  RIRMANINT  MAGNITS  SINCI  1910 

'  I  VALPARAISO,  INDIANA 

^LANTS  \  STAMFORD,  CONN.  (CINAUDAGRAPH  DIV.) 

01947  The  Indiaoa  Steel  Products  Co. 
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HIGH  FREQUENCY  VISALGEN 

1.  Frequency  range  from  100  kc  to  20  me.  Harmonics 
useful  to  120  me. 


2.  Linear  frequency  sweep  deviation  adjustable  from  0  to 
900  kc  peak  to  peak. 

3.  Vernier  frequency  control  of  100  kc  allows  zero  beat 
calibration  of  main  tuning  dial  or  for  vernier  frequency 
adjustment  about  main  dial  frequency  setting. 

4.  Output  Impedance  1  ohm  to  2,500  ohms. 

5.  Voltage  regulated  supply  for  internal  oscillator  stability. 


MODEL  205TS 


LOW  FREQUENCY  VISALGEN 

1.  Frequency  range  from  20  kc  to  500  kc. 

2.  Linear  frequerKy  sweep  deviation  adjustable  from  0  to 
70  kc  peak  to  peak. 

3.  Low  pass  filter  in  the  output  to  minimize  spurious  output 
frequencies. 

4.  Output  impedance  constant  200  ohms. 

5.  Output  attenuation:  5*step  ladder  type  —  20  db 
per  step. 


MODEL  204TS 


OSCILLOSCOPE 

1.  New  simplified  circuit  for  use  with  either  model  Visalgen. 

2.  Simplified  for  visual  alignment  work. 

3.  Compact  design  —  light  weight. 

4.  Immediately  available.  Also  available  with  either  model 
Visalgen  and  oscilloscope  in  one  cabinet. 


MODEL  188TS 


HARYIY  RADIO  LABORATORIffTlIiC.  SB 

CONCORD  AVENUE  •  CAMBRIDGE  3«,  MASSACHUSETT 
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NEW  PRODUCTS 


Edited  by  A.  A.  McKENZIE 


New  equipment,  components,  packaged  units, 
allied  products;  new  tubes.  Catalogs  and  manu< 
facturers’  publications  reviewed. 


Engineers’  F-M  Receiver  U) 

Radio  Engineering  Laboratories^ 
35-54  Thirty-Sixth  St.,  Long  Island 
City  1,  N.  Y.  A  new  dual-band  f-m 
receiver  covering  the  frequencies 


signed  for  anode  supply  on  direct 
view  or  projection  type  television 
tubes.  Peak  inverse  voltage  rating 
is  50  kv.  Filament  voltage  is  not 
critical  and  can  fluctuate  between 
1.0  and  1.65  volts.  Filament  is  am¬ 
ply  rugged  for  60-cycle  operation 
and  requires  low  filament  power, 
making  it  equally  adaptable  to  an 
r-f  filament  supply.  Interelectrode 
capacitance  and  absence  of  back 
emission  prevent  undue  loading  of 
the  oscillatory  circuit  in  r-f  appli¬ 
cations.  Two  tubes  deliver  50  kv  d-c 
in  a  voltage  doubler  circuit  or  25  kv 
d-c  singly. 


cal  energy  into  electrical  signals. 
Internal  flaws  produce  measurable 
decreases  in  total  transmission  as 
indicated  by  a  meter. 


42-50  and  88-108  megacycles  has 
just  been  released  for  use  by  engi¬ 
neers,  broadcast  stations,  and  oth¬ 
ers  requiring  a  stable,  high-fidelity 
means  of  monitoring  or  checking 
performance  of  f-m  transmitters. 
Model  646  is  the  standard  version, 
but  modifications  are  available  for 
rack  mounting,  use  with  a  school 
public  address  system,  and  in  cars 
making  surveys  or  field  measure¬ 
ments.  The  receiver  has  three  i-f 
stages,  two  limiters  and  10  watts  of 
audio  output.  High  sensitivity  and 
low  audio  distortion  are  featured. 


Tape  Sound  Recorder  (3) 

Indiana  Steel  Products  Co.,  Val¬ 
paraiso,  Ind.  The  portable  recorder 
illustrated  includes  recording  and 
playback  facilities,  is  completely 
selfcontained,  and  weighs  about  30 


Receiver  Frequency 
Standard 

The  Hammarlund  Mfg.  Co.,  Inc., 
460  West  34th  St.,  New  York  1, 
N.  Y.  Designed  particularly  to  aid 
radio  amateurs  to  conform  to  legal 
requirements  by  maintaining  an  ac¬ 
curate  method  of  measuring  trans- 


Ultrasonic  Tester  (2) 

General  Electric  Co.,  Schenec¬ 
tady,  N.  Y.  A  new  materials  tester 
indicates  the  presence  of  voids, 
cracks,  porosity  and  other  internal 
flaws  in  metals,  plastics,  and  ce¬ 
ramics  by  means  of  ultrasonic 
waves  sent  through  the  specimen 
under  test.  The  instrument  consists 
of  a  complete  wide-band  ultrasonic 
transmitting-receiving  system*  hav¬ 
ing  a  high-frequency  generator,  a 
crystal  transducer  to  produce  ultra¬ 
sonic  vibrations,  and  a  second  trans¬ 
ducer  to  convert  received  mechani- 


pounds.  The  recording  medium  is  a 
new  magnetic  tape,  called  Hyflux, 
consisting  of  particles  of  a  material 
that  approaches  Alnico  in  magnetic 
properties.  This  material  is  firmly 
affixed  to  a  paper  tape* 


Television  Rectifier 

Chatham  Electronics,  475  Wash¬ 
ington  St.,  Newark  2,  N.  J.  The  type 
1Y2  is  a  high-voltage  rectifier  de- 
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tested  and,  where  necessary,  calibrated,  and 
each  piece  is  tagged  with  its  electrical  character* 
istics.  Ail  test  equipment  is  supplied  with  inner 
and  outer  surfaces  gold  plated  unless  otherwise 
specified. 

NOTE:  Write  for  complete  catalog  of 
De  Mornay'Budd  Standard  Components 
and  Standard  Bench  Test  Equipment.  Be 
sure  to  have  a  copy  in  your  reference 
files.  Write  for  it  today. 


The  complete  line  of  De  MornayBudd  standard 
test  equipment  covers  the  frequency  range  from 
4,000  mcs.  to  27,000  mcs.  It  provides  all  R.  F. 
waveguide  units  necessary  for  delicate,  precision 
test  work  requiring  extremely  high  accuracy  in 
attenuation  measurements,  impedance  measure¬ 
ments,  impedance  matching,  calibration  of  di¬ 
rectional  couplers,  VSWR  frequency  measure¬ 
ments,  etc. 

To  eliminate  guesswork,  each  item  of  this 
De  MornayBudd  test  equipment  is  individually 


The  three  test  set-ups  illustrated  above  include: 

>unt  TunabU  Dummy  Load 

tonuator  Standing  Wavo  Dotoctor 

ey  Motor  Typo  “N"  Standing  Wavo  Dotoctor 

od  Attonuator  Diroctional  Coupior 

Hight  Powor  Dummy  Load 
nor  Cut-Off  Attonuator 

Stands,  otc 


EOUIPMENf 

FOR 

97%  OF  AU 
RADAR  SETS 


DE  MORNAY  •  BUDO  INC.,  47S  GRAND  CONCOURSE.  NEW  YORK  51.  NEW  YORK.  CARLE  ADDRESS  “DEMRUD.**  N.  Y. 


ELECTRONICS  — Morcft.  1947 


2J2 

MrAWrij 

m\\\ 

ImlTliTi 

pletely  flexible  as  to  connections  for 
convenient  routine  testing  and 
checking  the  calibration  of  a  wide 
variety  of  instruments  and  relays. 
The  present  line  supplies  a  full 
range  of  alternating  and  direct  cur¬ 
rents  up  to  1,0  amperes,  and  a-c  and 
d-c  potentials  up  to  750  volts.  ^ 


mitter  frequency,  the  FS-135-C  sup¬ 
plies  100-kc  markers  throughout 
the  tuning  range  of  a  communica¬ 
tions  receiver.  The  tiny  unit  con¬ 
sists  of  an  ingenious  circuit  and 
special  silver-plated  spring-sus¬ 
pended  100-kc  crystal.  A  slight  va¬ 
riation  of  tuning  is  provided  so 
that  the  circuit  can  be  set  to  zero 
beat  with  signals  from  WWV. 


Electron-Ray  Indicator  (10) 

General  Electric  Co.,  Syracuse, 
N.  Y.  The  type  6AL7-GT  tube  is  a 
visual  tuning  aid  for  radio  receiv¬ 
ers.  Patterns  appear  on  a  fluores- 


Tweeter  and  Network  (6) 

Atlas  Sound  Corp.,  1447  39th  St, 
Brooklyn  18,  N.  Y.  The  model  HF-1 
tweeter  is  flat  within  plus  or  minus 
6  db  from  1,200  to  14,000  cycles 
,with  the  frequency-dividing  net¬ 
work  furnished.  A  separate  woofer 


phone  is  manufactured  for  use  with 
personal  vest-pocket  radio  receivers. 
It  is  small  (lA  inch  diameter  and 
A  inch  thick)  and  light  in  weight 
(i  ounce).  Using  a  light-weight 
Bimorph  crystal  element  normal 
loudness  results  when  the  receiver 
is  driven  with  only  1  volt  and  a 
power  of  10  microwatts.  Owing  to 
its  rugged  construction,  a  maxi¬ 
mum  of  50  volts  may  be  applied 
without  damage  to  the  earphone. 
Its  impedance  is  120,000  ohms  at 
1,000  cycles  so  that  no  output  trans¬ 
former  or  choke  is  required  to 
match  to  the  plate  circuit  of  the 
output  tube. 


cent  screen  at  the  end  of  the  tube, 
their  shape  depending  upon  the  type 
of  circuit  used  and  its  adjustment. 
Deviation  from  a  proper  tuning  con¬ 
dition  can  be  indicated  to  the  extent 
of  showing  on  which  side  of  reso¬ 
nance  the  misalignment  occurs. 


Instrument  Testing  (9) 

Supplies 

Arthur  E.  Booth  Company,  210 
West  Seventh  Street,  Los  Angeles 
14,  Calif.  New  packaged  power  sup- 


extends  the  range  down  to  50  cycles. 
The  speaker  handles  20  watts  of 
speech  or  music  and  has  a  hori¬ 
zontal  distribution  of  80  degrees 
and  vertical  coverage  of  40  degrees. 


Rotary  Switch  (11) 

Grayhill,  1  North  Pulaski  Road, 
Chicago  24,  Ill.  The  new  Series  5000 
miniature  switch  is  I  inch  in  diam¬ 
eter,  13/32  inch  deep,  and  has  a 
contact  pressure  of  2i  pounds.  It 


F-M  Adapter  (7) 

Strom  berg-Carlson  Co.,  Rochester 
3,  N.  Y.  The  Driscoll  f-m  adapter 
is  a  simple  device,  listing  for  $6.35, 
that  has  been  designed  for  use  on 
all  prewar  Stromberg-Carlson  f-m 
receivers  to  adapt  them  for  recep¬ 
tion  of  signals  in  the  new  band.  At 
present,  the  equipment  is  available 
only  through  distributors  who  make 
a  nominal  installation  charge,  and 
in  some  cases,  modify  the  receiver 
slightly. 


can  be  used  in  circuits  passing  up 
I  »  ^  ‘  ^  amperes,  breaking  up  to  1  am- 

pere  at  110  volts.  Featuring  360  de- 
ply  units  available  in  light-weight  grees  rotation  in  either  direction, 
portable  or  bench  models  provide  the  switch  can  be  moved  from  one 
a  source  of  a-c  and  d-c  power  position  to  another  by  turning 
smoothly  adjustable  from  zero  to  through  the  least  number  of  posi- 
maximum  output  range.  Both  the  tions,  as  from  position  1  to  10  with- 
a-c  and  d-c  output  circuits  are  com-  out  going  through  positions  1,  2,  3, 


yest-Pocket  Earphone  (8) 

The  Brush  Development  Co.,  3405 
Perkins  Ave.,  Cleveland  14,  Ohio. 
The  model  BA-201  insert-type  ear- 
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FOR  IMMEDIATE 
DELIVERY 

Standard  Loop  Antennas 
and  Built  to  your  Spedrications 


2. 


la  Multi-band  combination  loop  An- 
tenna  and  Radio  Back. 

2a  Broadcast  Loop  Antenna  and  radio 
back  combination  with  phone  jack,  out¬ 
side  antenna  connection,  aligning  trimmer. 

3b  High  Q  Loop  Antenna,  polyethylene 
insulated  wire. 


4a  Basket  weave  loop  Antenna. 


Also,  I.  F,  Transformers,  All-Wave  Osc. 
Coils,  R.  F.  Coils,  Antenna  Coils,  and  sole¬ 
noid  wound  loop  antennas 
Standard  types  and  to  your  specifications. 


ELEaRK  PRODUCTS  CORP. 


I  *  See  Our  Exhibit  at  The  I.R.E.  SHOW 

Booth  ~^2 

1057  SUMMIT  AVENUE.  JERSEY  CITY.  NEW  JERSEY 


etc.  Or,  if  desired,  stops  can  be 
placed  to  allow  rotation  only 
through  a  given  number  of  posi¬ 
tions. 


Recording  Amplifier 

Presto  Recording  Corp.,  242  West 
55th  St.,  New  York  19,  N.  Y.  The 
type  92A  amplifier  illustrated  is 
rack-mounted  with  all  controls  ac¬ 
cessible.  Four  pushbuttons  select 


receiver  tunes  aircraft  range  bea¬ 
cons  in  the  frequencies  195  to  405 
kilocycles.  The  equipment  is  sim¬ 
ple  to  install,  weighs  12^  pounds, 
and  sells  for  $159.50. 


relatively  high  output  and  wide  fre¬ 
quency  range,  is  useful  with  public 
address  and  paging  systems,  ama¬ 
teur  rigs  and  other  communication 
applications.  This  new  microphone 
has  an  overall  frequency  res/  nse 
that  is  smooth  up  to  10,000  c.p.s. 


Fiberglas  Tubing  (15) 

Bentley,  Harris  Mfx;.  Co.,  Dept. 

P7,  Conshohocken,  Pa.  Samples  of 
Ben-Har  Fiberglas  tubing  are 
available  from  the  company  in 
grade  A  with  a  voltage  breakdown  Sylvania  Electric  Products  Inc., 
strength  of  7,000  volts  and  grade  500  Fifth  Ave.,  New  York  18,  N.  Y. 
B  for  4,000  volts.  The  nonfraying  A  new  cathode-ray  oscilloscope  fea- 
flexible  insulating  tubing  is  sup-  turing  portability  and  low  cost  has 
plied  in  all  standard  sizes  in  vari-  _ _ 


various  standard  recording  charac¬ 
teristics — normal  response,  NAB 
vertical,  NAB  lateral,  and  78  rpm 
lateral.  Output  level  and  tube  plate 
currents  are  indicated  by  a  single 
meter  controlled  through  a  selector 
switch.  Frequency  response  is  20 

to  17.000  cycle,  within  Idb.  VHF  Tranemiller  (16) 

Radio  Receptor  Co.,  Inc.,  251  W. 
(13)  York  11,  N.  Y.  The 

type  TV-50- A  vhf  transmitter  can 
be  supplied  for  any  frequency  in 


Inductive  Tuner 

P.  R.  Mallory  and  Co.,  Inc.,  3209 
E.  Washington  St.,  Indianapolis  6, 
Ind.  An  infinitely  variable  induc¬ 
tance  in  the  range  44  to  216  mega¬ 
cycles  is  covered  in'  3,600  degrees 


been  designed  for  radio  set  servic¬ 
ing  and  general  service  applications. 
The  new  type  131  oscilloscope, 
weighing  18  pounds,  is  mounted  in 
a  cabinet  measuring  102  in.  high, 
in.  wide  and  132  in.  deep.  Signal 
frequency  range  from  15  to  40,000 
cycles  is  provided  with  a  five- 
range  selection  control  and  a  fine 
frequency  control.  Visual  study  of 
wave  form  is  provided  by  a  3-in. 
cathode-ray  tube  designed  for  650- 
volt  deflection  plate  operation. 


the  range  100  to  162  me.  Power 
output  varies  between  50  and  40 
watts  with  increasing  frequency. 
Audio-frequency  response  is  150  to 
4,000  cycles,  within  3  db  of  the 
1,000-cycle  response.  An  audio 
peak  limiter  is  included  to  prevent 
overmodulation.  A  transmission 
line  monitor  rectifier  is  used. 


of  rotation  of  the  shaft  of  the  unit 
illustrated.  Several  inductors  can 
be  ganged  for  use  in  television  and 
f-m  receiving  equipment.  The  unit 
can  be  hand  or  motor  driven. 


UHF  Signal  Generator  (19) 

Hewlett-Packard  Co.,  Palo  Alto, 
Calif.  The  direct-reading  type  610A 
uhf  signal  generator  has  a  fre¬ 
quency  range  of  500  to  1,350  me, 
and  is  a  valuable  laboratory  stand¬ 
ard  for  determining  gain  or  align- 
(continued  on  p  216) 


Range  and  Loop  Receiver  (14) 

Lear,  Inc.,  Grand  Rapids,  Mich. 
The  new  AMRL-1  radio  range  re¬ 
ceiver  and  aural-null  loop  combina¬ 
tion  are  dry-battery  powered.  The 


Crystal  Microphone  (17) 

Astatic  Corp.,  Conneaut,  Ohio.  The 
model  600-S  crystal  microphone  has 
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11  units  have  been  granted  King 
Farms  Co.,  Morrisville,  Pa.  by  the 
FCC.  The  stations  will  be  used  for 
office-to-car  and  car-to-car  commun¬ 
ication  on  this  6,000-acre  truck 
farm  to  expedite  planting,  cultivat¬ 
ing,  harvesting,  and  marketing  of 
farm  vegetables.  The  Bell  Telephone 
Co.  of  Pennsylvania  will  own,  in¬ 
stall,  and  maintain  the  equipment, 
but  all  operating  will  be  done  by 
the  King  Farms  Co.  which  at  peak 
seasons  employs  up  to  600  workers. 
The  frequency  of  156.99  me  is  as¬ 
signed  on  a  temporary  basis. 


NEWS  OF  THE  INDUSTRY 


Edited  by  JOHN  MARKUS 


Nucleonic  news;  radar  on  airliners;  heating 
gets  2,450  me;  new  f-m  rulings;  f-m  clinic; 
taxicab  radio  survey ;  Atlanta  Conference 


IRE  Honors  Engineers  at.  1947  National  Convention 

The  Institute  of  Radio  Engineers  J.  W.  McRae,  I.  E.  Mouromtseff,  D. 
has  issued  the  following  list  of  E.  Noble,  R.  M.  Page,  J.  A.  Pierce, 
honors  presented  to  members  for  C.  A.  Priqst,  W.  W.  Salisbury,  and 
outstanding  accomplishments.  E.  N.  Wendell. 

The  Morris  Liebmann  Memorial  Presentation  of  the  awards  will 
Prize  for  1946  was  awarded  to  Al-  be  made  at  the  annual  banquet 
bert  Rose  of  RCA  for  his  contribu-  Wed.  March  5  during  the  IRE  Na¬ 
tions  to  television  pickup  tubes,  tional  Convention  at  the  Hotel  Com- 
particularly  the  image  orthicon.  modore  in  New  York  City.  Guest 
The  Morris  Liebmann  prize  for  speaker  at  the  banquet  will  be 
1947  W’as  awarded  to  John  R.  Pierce  Charles  R.  Denny,  Jr.,  FCC  chair- 
of  Bell  Telephone  Laboratories  for  man,  who  will  discuss  “Frequency 
his  development  of  the  traveling-  Allocations”.  At  the  President’s 
wave  tube.  Luncheon  March  4,  Vice-Admiral 

Fellowships  were  awarded  to  the  Charles  A.  Lockwood  will  speak  on 
following:  Benjamin  De  F.  Bayly,  “Electronics  in  Submarine  War- 
Frank  H.  R.  Pounsett,  Pedro  J.  fare”. 

Noizeux,  Sir  Robert  Watson-Watt, 

George  P.  Adair,  G.  L.  Beers,  L.  V. 

Berkner,  E.  L.  Bowles,  R.  S.  Bur-  i  .»  «  j.  i7 
nap,  R.  F.  Field,  D.  G.  Fink,  W.  W.  Mobile  Radio  on  Farm 

Hansen,  D.  R.  Hull,  F.  V.  Hunt,  K  Construction  permits  for  one  land 
G.  Jansky,  R.  D.  Kell,  C.  V.  Litton,  station  and  one  mobile  station  with 


Declassified  Papers  on 
Atomic  Energy  Now 
Available 

The  first  270  atomic  energy  papers 
to  be  declassified  by  the  Atomic  En¬ 
ergy  Commission  or  by  its  predeces¬ 
sor,  the  Manhattan  Engineer  Dis¬ 
trict,  can  now  be  obtained  from  the 
Office  of  Technical  Services  of  the 
Department  of  Commerce  at  prices 
ranging  from  $1  upward  depending 
on  length. 

These  papers  constitute  the  first 
sizable  release  of  atomic  energy  in¬ 
formation  which  has  been  made 
since  the  early  days  of  the  war, 
when  a  top  secret  classification  was 

(Continued  on  p  2M) 


CONGRATULATIONS  TO  TEN  KEY  SCIENTISTS 


For  their  work  in  the  wortime  Oiiice  of  Scientific  Research  and  DeTelopment.  President  Truman  on  Jonuory  20  conqrotulated  these 
key  scientists.  Left  to  right,  seoted:  Dr.  Tomes  B.  Conont,  president  of  Horrord  Unieeristy;  President  Truman;  Dr.  Alfred  N.  Richords, 
chairman  of  the  OSRD  committee  on  medical  research.  Standing:  Dr.  Karl  T.  Compton,  president  of  MIT;  Dr.  Lewis  H.  Weed,  National 
Academy  of  Sciences;  Dr.  VanneTor  Bush,  director  of  OSRD;  Dr.  Frank  B.  Jewett;  Dr.  J.  C.  Hunsoker  of  MIT;  Dr.  Roger  Adams  of 
University  of  Illinois;  Dr.  A.  Baird  Hastings  of  University  of  Illinois;  Dr.  A.  R.  Doches  of  Columbio  University, 


March.  1947  —  ELECTRONICS 


I 


/ 


Schweitzer  Paper 
Quality  is 


pure  Wt  not  simple! 


Pure  because  every  step  in  the  menu* 
facture  of  this  paper  is  controlled 
by  science.  Not  simple  because  it  re> 
quires  unique  technical  skill  to  meet 
the  specifications  to  which  our  papers 
are  manufactured.  Specify  Schweitzer 
thin  gauge  paper  for  paper  or  electro* 
lytic  capacitors,  coils,  transformers 
or  other  applications  using  insulating 
papers  in  any  thickness  ranging 
from  .00025"  to  .004"* 


SCHWElIZER  PAPER  CO. 

New  York  Offices:  Chrysler  Bldg.,  New  York  17,  N.Y. 
Plants:  Jersey  City,  N.  J.;  Mt.  Holly  Springs,  Pa. 


cfY 


iOA.'-' 


REPRESENTATIVES: 

CHICAGO  AREA:  Rum  Dietfaert  Co.,  612  N.  Michigan  Aartine,  Cliicaico  11,  111. 
WEST  COAST:  Kleetrical  Specialty  Co.,  316  Elcrnilb  St.,  San  KranriMo  3,  Cali). 
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TUIES  AT  WORK 

(continued  from  p  140) 

of  the  recording  and  playback  cir¬ 
cuits,  erasing  is  done  by  a  40-kc 
oscillator  when  the  switch  is  in  po¬ 
sition  A.  In  position  B  the  micro¬ 
phone,  amplifier,  and  recording 
equalizer  are  in  the  circuit  for  re¬ 
cording.  Some  of  the  oscillator  out¬ 
put  is  also  fed  to  the  recording 
head  to  provide  a  high-frequency 
component.  In  position  C  the  head 
picks  up  the  magnetic  variations 
in  the  film.  These  are  first  equalized 
by  the  playback  equalizer,  then  fed 
through  the  amplifier  and  into  the 
loudspeaker. 


Modal  RX  Smooth  Powor  Motor 


THAT  PLEASES  YOUR  CUSTOMERS 

You’ll  make  better  friends  of  your  customers  when 
you  equip  your  phonographs  with  General  Indus¬ 
tries  Smooth  Power  Motors. 

That’s  because  of  fine  performance  from  the 
first  instantaneous  pick-up  to  the  last  note.  Con¬ 
stant  speed,  quietness  and  vibration-free  operation 
result  in  faithful,  enjoyable  reproduction. 

These  same  high  qualities  characterize  all 
Smooth  Power  mechanisms,  including  recording 
motors  and  assemblies  and  combination  record- 
changer  recorders.  From  our  complete  line,  you  can 
select  fitting  companions  for  your  own  fine  products. 


FILM  / 


ELYRIA,  OHIO 


Mounting  arrangement  for  the  magnetic 
pickup  head.  The  preuure  against  the 
coating  is  on  the  order  oi  0.0001  ounce 

An  overall  frequency  response 
curve  for  the  16-mm  system  shows 
that  it  is  flat  within  ±  3  db  from 
50  to  5,000  cycles.  At  normal  re¬ 
cording  levels  the  intermodulation 
distortion  is  about  5  percent.  The 
background  noise  is  35  to  40  db 
below  the  program  level. 

The  magnetic  coating  can  also  be 
put  on  8-mm  film  between  the 
sprockets  and  edge  of  the  film,  and 
has  the  same  dimensions  as  on  16- 
mm  film. 

Because  8-mm  film  moves  at  half 
the  speed  of  16-mm  film,  its  upper 
frequency  limit  is  about  2,500 
cycles.  On  voice,  the  sibillants  are 
clear  and  natural.  Quality  on  music, 
while  not  as  good  as  at  sixteen- 
millimeter  speed,  is  comparable  to 
that  of  low-cost  radio  receivers.  Dis¬ 
tortion  and  signal-to-noise  ratio  are 
about  the  same  as  at  higher  speeds. 


Soldering  Litz  Ends 

By  E  MERIC  K  Toth 

yaval  RtKcarrh  Laboratory 
Washington,  U.  C. 

The  writer  had  occasion  to  de¬ 
sign  a  receiver  for  aircraft  using 
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iRSIN  MULTICORE 


IRSIN  MULTICORE  SOLff^H 
GIVES  YOU 

PRECISION  PROOUCTION-,  ^ 
THE  SECRET  IS  IN  THE  ) 
ERSIN  FLUX  (EXCLUSIVE  TO  I 
MULTICORE)  COMBINED  WITH  J 
MULTICORE  CONSTRUCTION^ 


Ersin  Multicore  Solder  con¬ 
tains  3  cores  of  extra  active 
I  Ersin  Flux.  The  3  core  construction 
gives  rapid  melting  and  speedy  produc¬ 
tion  of  precision  soldered  joints.  Only 
with  Multicore  do  you  get  the  advantages 
of  guaranteed  flux  continuity,  instant  melt¬ 
ing  and  extra  speedy  fluxing  even  on 
oxidised  surfaces.  Ersin  Multicore  Solder 
is  made  as  standard  in  gauges  between 
10  and  22  S.W.G.  (.128  -  .028  in.,  3.125- 
.711  mm)  ;  and  in  5  standard  antimony 
free  alloys.  Ersin  Multicore  Solder  is 
used  by  leading  manufacturers  of  radio, 
television,  electrical  and  telephone  equip¬ 
ment  in  Britain,  U.S.A.  and  Camada  and 
also  by  many  Government  departments. 
If  you  would  like  to  know  more  about 
Ersin  Multicore,  please  write  us  for  de¬ 
tailed  technical  information  and  samples. 


U.S.A.  enquiries  to  Canadian  enquiries  to 

ITISH  INDUSTRIES  CORP.,  315  Broadway.  New  York  7.  N.Y.  SNI-DOR  RADIOLECTRIC  LTD.,  455  Craig  Street  West.  Montreal. 


Enquiries  regarding  other  territories  to 

MULTICORE  SOLDERS  LTD.,  Melher  House,  Albemarle  Street,  London,  W.l.  England 
Tel:  REGent  1411.  Cables:  Dustickon,  Piccy,  London. 


Washer  permanently  fastened  on,  yet 
free  to  rotate.  Easier,  faster  driving, 
hto  fumbled,  lost  or  forgotten  washers. 
Matching  finish  on  both  ports  Easier 
ordering  and  balanced  inventories. 


Increase  assembly  speed  up  to  50%! 
Cut  down  injuries  to  workers  with  no 
burrs,  no  skids.  Reduce  production  costs. 
Reduce  rejects!  Improve  product  ap¬ 
pearance!  Go  modern  with  Phillips! 


The  latest  fype  recessed-head  screw. 
Screw  locks  on  driver  "Can't  fall  off 
No  screw-driver  slippage.  Easy  to  as¬ 
semble.  Exceptional  driver  life.  Ordi¬ 
nary  screw-driver  may  also  be  used. 


Scovill  is  expert  in  cold-forging  unusual 
special  fastenings,  such  as  the  one 
shown.  Scovill  designing  ability,  engi¬ 
neering  skill,  men  and  machines  save 
money  for  customers.  Consult  Scovill! 


TUIES  AT  WORK 

coils  of  litzendraht  wire.  These 
coils  ranged  in  diameter  from  12 
inches,  wound  with  litz  of  about  180 
strands  of  number  38  wire,  to  lit¬ 
tle  fellows  of  i  inch  ID  using  7/41 
litz.  Over  150  coils  were  involved,  a 
total  of  more  than  300  coil  ends, 
thousands  of  individual  strands 
that  must  be  properly  tinned  and 
soldered. 

Careful  tests  were  made  of  the 
following  three  methods: 

(1)  Cautious  removal  of  the  silk 
and  enamel  from  the  coil  end  by 
abrasion  against  a  relatively  soft 
high-speed  rotary  wirebrush. 

(2)  Heating  of  the  coil  end  in  an 
alcohol  or  Bunsen-burner  flame  and 
subsequent  plunging  of  the  hot  coil 
end  into  alcohol. 

(3)  Application  of  a  small  quan¬ 
tity  of  a  paste  of  zinc  chloride  and 

I  water  to  the  coil  end  and  heating 
with  a  soldering  iron,  immediately 
followed  by  tinning  with  rosin-core 
solder  while  the  resulting  zinc 
chloride  and  enamel  mixture  was 
still  boiling.  The  silk  insulation  was 
burned  and  stripped  off  by  a  very 
short  exposure  to  a  flame,  and  sub¬ 
sequent  wiping  with  a  rag  prior  to 
application  of  the  zinc  chloride. 

Results  of  Tests 

Method  (1)  was  found  to  damage 
individual  strands  excessively,  and 
did  not  clean  all  strands  in  sizes  of 
litz  with  many  strands,  such  as 
70/38  and  180/38. 

Method  (2)  was  difficult  to  con¬ 
trol.  Insufficient  exposure  to  the 
flame  resulted  in  the  enamel  not 
cracking  off  when  the  hot  coil  end 
was  plunged  into  cold  alcohol.  Over¬ 
heating  caused  individual  strands 
to  burn  off.  Even  when  satisfactory 
cleaning  was  obtained,  the  copper 
i  was  left  so  brittle  that  soldered  coil 
ends  would  break  easily. 

Method  (3)  provides  easy  and 
effective  tinning.  The  appearance 
of  the  tinned  end  was  neat  and  clean 
after  the  residue  of  zinc  chloride, 
enamel,  rosin,  and  solder  had  been 
wiped  off  while  still  hot  with  a 
damp  rag.  The  ease  of  tinning  even 
180/38  litz  suggested  that  inside 
strands  were  not  properly  coated. 
Several  samples  were  cut  in  cross- 
section  but  all  strands  appeared  to 
be  clean  of  enamel  and  tinned. 

Samples  were  placed  in  a  salt- 
spray  chamber  and  subjected  to  the 
Navy’s  standard  salt-spray  test 


(continutd. 
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Look  at  th«  fastenings  you're  now  using— and  see  if  they’re 
the  best  for  the  job.  Get  better  results— at  less  cost— with 
modern  fastenings.  If  you  use  fostenings  in  large  quantities, 
it  will  pay  you  to  find  out  what  Scovill  can  do  for  you.  Fill 
out  and  mail  the  coupon  below— nowf 

MAIL  COUPON  TODAY! 


QUALITY  FASTENERS 
FOR 

QUANTITY  CUSTOMERS 


ADDRESS- 


March,  1947  — ELECTRONICS 


I 


in 

id 

lil 

n- 

nd 

ng 

Jly 

)re 

inc 

ras 

iras 

jry 

ub- 

to 


age 
ind 
i  of 
as 

;on- 

the 

not 

end 

i^er- 

nds 

xiry 

>per 

coil 

and 
ince 
lean 
•ide, 
leen 
h  a 
jven 
side 
ited. 
•oss- 
id  to 

salt- 
)  the 
test 

>NICS 


Designers,  fabricators,  manufacturers  needn’t  worry  about  rising 
silrer  prices  because  Central  Plate  Laminated  Metals  nve  yom  all  the 
performance  characteristics  of  solid  silver  at  unasually  low  cost. 

Because  General  Plate  Laminated  Metals  ...  sheet,  wire  and 
tube  . .  .  are  permanently  bonded  laminations  of  a  thin  layer  of 
precious  metal  to  a  thicker  layer  of  base  metal,  they  give  you  precious 
metal  performance  at  a  cost  slightly  higher  than  the  inexpensive 
base  metal. 

In  addition  to  economy.  General  Plate  Laminated  metals  are 
easier  to  work,  have  high  corrosion  resistance,  provide  better 
electrical  conductivity,  are  easier  to  fabricate,  have  better  spring 
“  properties,  and' provide  structural  and  mechanical  properties  not 
^  found  in  solid  precious  metals. 

Investigate  General  Plate  Laminated  Metals,  today.  Our  engi> 
■  neers  are  available  for  consultation  on  your  metal  problems.  Write: 


SHUT  .  . .  Available  with  precious 
metal  on  one  side,  both  sides  or 
wholly  covered,  inlaid  and  edge  laid 
in  practically  any  combination  of 
precious  to  base  metal.  Base  to  base 
metal  combinatitms  also  available. 

TUBS  .  .  .  Solid  precious  metal;  lam¬ 
inated  precious  to  base  metal  lined, 
or  covered  one  side  or  both  in  a  wide 
range  of  diameters  and  odd  shapes. 

WIRI  .  .  .  Shaped,  solder  filled, 
chiumel,  solder  flushed,  squares, 
flats,  ovals  and  irregular  shaped. 


OENCRAL  PLATE  DIVISION 

of  Motats  and  Controls  Corporation 


ATTLIEOtO,  MASSACHUSETTS 
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..This  is  Cardioid 

*'Cardioid’'  means  heart-shaped.  It  de¬ 
scribes  the  |Mckup  pattern  of  a  micro¬ 
phone  as  illustrated  in  this  diagram. 
Unwanted  sounds  approadiing  from 
the  rear  are  cancelled  out  and  the  pidc- 
up  of  random  noise  energy  is  reduced 
by  66%.  The  actual  front  to  back  ratio 
of  reproduction  of  random  sound  en¬ 
ergy  is  7  to  1. 


.  IThis  is  Super-Cardipid 

"Sttper-Cardioid”  also  describes  a  pick¬ 
up  pattern  and  is  a  further  improvement 
in  directional  microtdiones.  The  Super- 
Cardioid  has  a  wide  front-'side  pickup 
angle  with  greater  exclusion  of  sounds 
arriving  from  the  sides  and  the  rear. 
The  front  to  back  random  sound  ratio 
is  14  to  1  which  makes  it  twice  as  uni¬ 
directional  as  the  "Cardioid.**  A  73% 
decrease  in  the  pickup  of  random  noise 
energy  is  accomplish^ 


.This  is  Uniphase 

"Uniphase**  describes  the  principle  by 
which  directional  pickup  is  accom- 
plishedin  a  single  mjcrophoneunit.This 
is  a  patented  Shure  development  and 
makes  possible  a  single  unit  "Super- . 
Cardioid**  Directional  Microphone 
eliminating  the  necessity  of  employing 
two  microphone  units  in  one  case — it 
gives  greater  uniformity  in  production, 
greater  ruggedness,  lower  cost  for  com¬ 
parable  quality  and  more  uniform  ver¬ 
tical  pickup  pattern. 


..This  is  the  result 

The  SHURE  Super-Cardioid 

A  decrease  in  the  pickup  of  randoni 
sound  energy  by  73% — reduaion  of 
feedback  and  background  noise — sim¬ 
plification  of  sound  pickup  are  among 
the  many  advantages  offered  by  the 
Shure  "Super- Cardioid**  Dynamic 
These,  plus  faithful  reproduction,  are  the 
reasons  why  Shure  "Super- Cardioid** 
Microphones  are  used  by  more  than  750 
Broadcast  Stations  in  the  United  States 
alone,  by  our  Armed  Forces  throughout 
the  world,  and  on  thousands  of  Public 
Address  Systems  everywhere. 
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Sounds  enttring  from  front. 


Sounds  entering  from  rew. 


SHURE  BROTHERS, Inc. 

Mtcropfcones  aad  Acoustic  DeWces 

^4|||||IA  225  West  Huron  Street  Chicago  10,  Illinois 

CM*  A*bm*t  SHURIMICRO 


for  two  hours.  It  was  found  that  ex¬ 
cept  for  a  light  accumulation  of 
powdery  salt  the  samples  were  In 
no  way  affected  by  the  test  and  all 
300  coil  ends  were  processed  as  out¬ 
lined  in  method  (3)  above. 

Eighteen  months  after  delivery, 
one  equipment  was  examined  which 
had  been  in  service  in  Panama  for 
a  year.  No  trace  of  corrosion  or 
any  other  damage  was  found. 

Zinc' chloride  is  very  hygroscopic 
and  should  be  kept  in  a  suitable 
well-stoppered  glass  bottle,  with 
Only  as  much  paste  prepared  at  one 
time  as  is  needed  for  a  few  hours 


Square  Loop  F-M  Antenna 

An  eight-element  square-loop  an¬ 
tenna  multiplies  the  power  of  a 
transmitter  by  more  than  eight 
times  but  erecting  an  80-foot  one 
atop  a  30-story  building  multiplies 
the  construction  problems  even 
more.  Such  an  antenna  has  been 
erected  for  WCTN-FM,  Minne¬ 
apolis,  on  the  Foshay  Tower  in  that 
city  where  tons  of  equipment  had 
to  be  moved  thirty  stories  above  the 
ground. 


First  square-loop  section  of  the  antenna  oi 
it  cleared  the  roof 

The  highest  point  in  the  Twin- 
Cities  area  is  the  Foshay  Tower, 
selected  for  the  Federal  eight-ele¬ 
ment  square-loop  antenna  after  a 
survey  of  all  available  locations. 
The  building  rises  447  feet  above 
the  street,  is  of  steel  and  stone  con¬ 
struction,  and  is  patterned  after  the 
Washington  Monument.  All  outside 
work  had  to  be  completed  before  the 
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The  War  Assets  Administration  has  appointed 
a  representative  group  of  competent  well  estab¬ 
lished  distributors  to  help  dispose  of  war- 
surplus  electronic  tubes  and  equipment.  We 
suggest  that  you  get  in  touch  with  the  distrib¬ 
utor  nearest  you.  He  will  know  the  items  avail¬ 
able  and  how  they  can  aid  in  solving  your 
electronic  problems. 


Here  is  an  up-to-date  list  of 
WAA  approved  distributors. 


BOSTON,  MASS. 

Automatic  Radio  Mtg.  Co.,  Inc. 

Tochnical  Apporotus  Co. 

BUCHANAN,  MICH.  *  ‘  ; 

Eloctro-Voico,  Inc. 

CANTON,  MASS. 

Tob#  Douttchmonn  Corp. 

CHICAGO,  lU.' 

Amorican  Condonsor  Co. 

Maioctic  Radio  A*Tolovition  Corp. 

EMPORIUM,  PENN. 

Sylvanio  Eloctric  Products,  Inc. 

FORT  WAYNE,  IND. 

Essox  Wiro  Corp. 

LOS  ANGELES,  CAUF. 

Colo  Instrumont  Co. 

Hoffman  Radio  Corp. 

NEWARK,  N.  J. 

Standard  Arctvrus  Corp. 

Tung-Sol  Lamp  Works,  Inc. 

NEW  YORK,  N.  Y. 

Communication  Moasuromonts  Laboratory 
Eloctronic  Corp.  of  Amorica 
Emerson  Radio  A  Phonograph  Corp. 
HommoHund  Mfg.  Co.,  Inc. 

Newark  Electric  Co.,  Inc. 

Raytheon  Mfg.  Co. 

Smith-Meeker  Engineering  Co. 


122  Brookline  Ave. 
165  Washington  St. 


B63  Washington  St. 


120  Greenwich  St. 
*^353  W.  4Bth  St. 
*  76— 9th  Ave. 
*460  W.  34th  St. 
242'  W.  S5th  St. 
.  -  60  E.  42nd  St. 
'  125  B^lay  St. 


SALEM,  MASS. 

Hytron  Radio  &  Electronics  Corp. 

SCHENECTADY,  N.  Y.  *  ’ 

General  Electric  Co. 

WASECA,  MINN. 

E.  F.  Johnson  Co. 


76  LaFayette  St. 


Bldg.  267,  I  River  Rd. 
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TUIES  AT  WORK  (contiiNMd) 

arrival  of  Minnesota’s  bitter  winter. 

Planners  of  the  station  engaged 
the  original  designer  of  the  Foshay 
Tower  and  its  original  builder  be¬ 
cause  they  were  thoroughly  ac¬ 
quainted  with  its  construction.  An 
unfinished  elevator  shaft  from  the 
basement  to  the  80th  fioor  was  used 
as  the  route  to  the  roof.  Through 
this  shaft  the  antenna  sections, 
equipped  with  their  loops  and  other 
components,  were  hoisted  to  point 
of  final  assembly  beneath  the  peak. 

First  step  in  the  erection  was  to 
cut  an  opening  large  enough  to  ac¬ 
commodate,  the  over-all  width  of  the 
antenna  loops  through  the  tip  of 
the  tower.  The  top  section  of  the 
antenna,  surmounted  by  a  SOO-mm 
aircraft  warning  beacon,  was  then 
assembled  and  raised  through  the 
opening  by  a  system  of  steel  cables 
attached  to  hand-operated  winches. 


VARIABLE  ATTENUATORS 


Mottk.  »^->ELECTtONICS 


Quality-proved  on  the  world's  most 


exacting  applications 

Now  .  .  .  the  foremost  Attenuator  line  .  .  .  Variaten  ...  is 
being  engineered  and  produced  by  a  national  leader  in  pre¬ 
cision  electronic  equipment  .  SH ALLCROSS. 

To  a  line  already  popular  with  broadcast,  communication, 
recording  and  movie-sound  equipment  studios,  has  been 
added  the  complete  facilities  of  this  leading  producer  of  fine 
electrical  measuring  instruments,  selector  switches  and  pre¬ 
cision  wire-wound  resistors. 

SH  ALLCROSS  VARIATEN  ATTENUATORS  employ  wire- 
wound  resistors.  Stone-lapped  brush  and  contact  surfaces 
assure  complete  overall  contact  for  minimum  noise  level  and 
lengthened  service  life.  Types  include  ladder  mixers,  bridged 
and  straight  ”T”  attenuators,  bridged  and  straight  ”H”  atten¬ 
uators,  grid  control  potentiometers,  loud  speaker  volume 
controls,  turn-uble  faders,  D.B.  and  V.U.  meter  range-extend¬ 
ers,  and  fixed  pads  for  every  purpose.  Special  designs  made  to 
specifications. 

Shallcross  Manufacturing  Co. 

DEPT.  E-37,  COLLINGDALE,  PA. 


Viewed  from  mdemeoth.  while  another 
section  is  added  to  the  ontenno 

A  second  section  was  added  to  the 
first  and  both  were  pushed  through 
the  opening  in  the  peak.  This  proc¬ 
ess  of  building  from  the  bottom 
was  continued  until  all  eight  sec¬ 
tions  and  their  associated  compo¬ 
nents  were  in  place  and  the  com¬ 
pleted  antenna  was  in  position. 

The  final  step  was  to  anchor  the 
base  of  the  antenna  to  a  27-foot  in¬ 
ner  support  tower,  fastened  to  the 
main  cross  beams  of  the  building. 

The  new  antenna  is  operating  at 
97.1  me  for  WTCN-FM,  which  holds 
one  of  the  highest  effective  radiated 
power  ratings  in  the  United  States. 
Present  operating  power  is  three 
kilowatts  into  the  antenna  from  a 
Federal  FMTB  3000  f-m  transmit¬ 
ter.  This  produces  an  effective  ra- 
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115  Volfs . . .  +  15%.  Is  that  what 
you  meant  when  you  specified  the 
label  rating.  That’s  what  your 
equipment  will  be  up  against  when 
it’s  at  the  mercy  of  commercial 
line  voltages. 

If  your  equipment  will  not  stand 
that  tolerance,  you’re  saddling 
your  customers  with  a  serious 
problem  and  one  which  few  will 
understand.  Your  equipmentwill  be 
blamed  for  any  breakdown  or  un¬ 
satisfactory  performance — not  the 
fluctuating  voltage  that  caused  it. 

You  can  relieve  your  customers 


of  this  problem,  eliminate  costly 
service  calls  .  .  .  and  .  .  .  accom¬ 
plish  all  this  at  an  actual  saving  in 
original  design  costs.  The  answer 
is  .  .  .  ‘‘include  a  SOLA  Constant 
Voltage  Transformer  as  a  built- 
in  component.” 

Sola  Constant  Voltage  Trans¬ 
formers  are  available  in  31  standard 
designs  in  capacities  from  lOVA 
to  15KVA  ...  or  special  units 
can  be  custom  built  to  your 
specifications.  Whether  your  prod¬ 
uct  is  designed  for  home,  science 
or  industry — Constant  Voltage  is 


Cofid&MC 

TRANSFORMERS 


your  problem.  May  we  make  recom¬ 
mendations  for  your  equipment? 


Thia  book  providM  the  enewer 
to  your  Conetant  Voltece 
problem. 

Asir  for 

BmIMIh  DCY-102 


TriniTliiiniittlTtuiilTLiiitTiiTTni)-  •  CddColhoJellgbHng  .  Mercwry lotnpt  •  SerieiUghHog  •  RworeKent UgbHng  .  X-KoyEqwlpment  .  lefiiinowsTwbeSiglv 
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Mmmfmimtd  ta  CsnsJa  wtdtr  Hemu  h  FERIIANTI  ELECTRIC  UMITED.  Toronto 
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HAVE  YOU  FORGOTTEN 


THAT  YOUR  CUSTOMER’S  LINE 


VOLTAGE  WILL  FLUCTUATE? 
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The  BROOK  HIGH  QUALITY 

AUDIO  AMPLIFIER 


Designed  by  LINCOLN  WALSH 


BROOK  ELECTRONICS 


REEVES 

SOUNDCRAFT  CORP 


10  EAST  52  ST..  NEW  YORK  22.  N.  V. 

^»OG»fSS  ilONG  SOUND  LIf  fS  = 


Every  so  often  a  new  name 
appears  in  every  line  of 
business.  Not  yet  a  year  old 
Soundcraft  is  new  in  name 
^mly  to  the  blank  record 
field. 


A  New  Technical  Bulletin,  describing  many  desirable 
characteristics  of  Mepham  IRN  magnetic  iron  powders,  is 
now  available. . . .  Send  for  your  copy.  It  contains  28  pages 
of  comprehensive  data,  including  performance  graphs,  on 
10  different  types  of  IRN  magnetic  iron  powders  (hydrogen 
reduced)  for  high-frequency  cores,  core  material,  tele¬ 
communication  and  magnetic  applications.  Useful  frequency 
ranges — .01  to  200  megacycles  and  up. 

|g.  s.  mepham  corporation 

I  E»tablishmd  1  902  •  •  East  St.  Louis,  lllinolt 


To  Soundcraft  engineers  the 
business  of  manufacturing 
discs  is  no  novelty.  Directly 
or  indirectly,  almost  every 
recordist  has  benefitted  in 
some  way  from  past  contri¬ 
butions  of  Soundcraft  engi¬ 
neers. 


These  men  for  many  years 
have  heen  associated  not 
only  with  disc  recording  but 
also  with  film  techniques. 
They  are  designers  and 
builders  of  recording  equip¬ 
ment.  As  disc  coating  engi¬ 
neers  they  know  recording 
lacquer.  They  know  record¬ 
ists  needs  and  how  to  satisfy 
them. 


By  reason  of  the  collective 
experiences  of  the  past,  in 
addition  to  sound  planning 
for  the  future,  Soundcraft 
will  continue  to  offer  the 
very  best  in  fiil^h  fidelity  re¬ 
cording  discs. 

Th*  'Broadcaster' 

8"  Iff'  12"  16"  ^ 

Tho  'Playback' 

6V2"  8"  Iff'  12"  16"  /(  ' 

Tho  'Auditioo'  I  \  .  1  —.ft' 

6V2"  8"  10"  12"  16"  \  \<nml£My. 

The  'Maestro' 

12"  13V4"  I7V4"  ^ - ^ 
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•  '*H«  IvcklMli'*  ♦— •!  Mifat  loll  Chart  mH* 
wfkalty  fafcas  «p  all  tiach  ia  tha  payar  chart 
aai.  hy  haaplay  if  ia  caasfaat  faatioa,  aMhas  H 
hapciclbla  fa  fara  fba  salacfar  whaal  wifbaaf 
fawiap  chart.  Waat  ^achiaa  Miccfiaa  af  aH 
fhaac.  Aha  pravaafs  cWrt  fraai  faariaf  aa  fah 
fiaf  aaf  af  rtipaaicaf. 

a  Cc^at  b  tach  fhaf  aaiy  h  fara*  af  **alacfar 
arhacl  wW  raa  fha  aafira  laa^fh  af  fha  12Va 
ff.  chart. 

•  laty  fa  raad.  Tha  claar  Lacifa  arlapow  h  |a*f 
arhk  cacaph  fa  thaw  2  faha  tcffiap*.  ar  bafh 
caffia^  aa  a  aialfi^raryota  faha. 

a  lafira  aaif  raaiavahia  hy  fahiaa  aaf  foar  icrawt. 
Jaaf  tiff  fraai  racapfacia  fa  aMha  aaw  aafrias  ar 
ia»fatl  new  chart. 

•  Chart  iaa*alcatty  fa«faaa<  fa  raliar*,  affarAiap 
aasy  rcplaccaiaaf  aa4  caatfaaf  aiiyaaicaf. 

•  RiyifI,  Hfhf>wai«hf  caa*fracfiaa.  «aar  drivia« 
aicrhaaiiai  lacarparafa*  haary-Aafy  pracisiaa 

braM  aaar*  aa4  parf*. 


With  the  addition  of  the  new  Simpson  "No 
Backlash”*  Roll  Chart  to  the  1947  version  of 
our  Model  305,  this  famous  instrument  becomes 
beyond  question  the  finest  tube-tester  on  the 
market  in  its  price  range.  Read  the  description 
of  this  new  Roll  Chart  in  the  panel  below. 

Model  30SRC  provides  for  filament  Voltages  from 
.5  volts  to  and  including  120  volts.  It  tests  loctalc, 
single  ended  tubes,  bantams,  midgets,  miniature^  bal¬ 
last  tubes,  gaseous  reaifiers,  acorn  tubes,  Christmas 
tree  bulbs,  and  all  popular  radio  receiver  tubes. 

Like  other  Simpson  tube-testers,  the  Model  303RC 
incorporates  3-way  switching  whidi  makes  it  possible 
to  test  any  tube  regardless  of  its  base  connections  or  the 
internal  connections  of  its  elements.  This  method,  the 
result  of  exhaustive  research  and  expensive  construc¬ 
tion,  protects  the  Model  305RC  against  obsolesence  to 
a  degree  not  enjoyed  by  competitive  testers.  No  adap¬ 
ters  or  special  sockets  are  required.  In  addition  to  hav«. 
ing  a  complete  set  of  sockets  for  every  tube  now  on  the 
market,  this  tester  has  a  spare  sc^et,  to  provide  for 
future  tube  developments. 

The  Model  305RC  has  provision  for  testing  pilot- 
lamps  of  various  voltages  as  well  as  Christmas  tree 
bulbs.  It  tests  gaseous  reaifiers  of  the  OZ4  type — also 
tests  ballast  tubes  direa  in  socket  for  burnouts  and 
opens.  Has  neon  bulb  of  proper  sensitivity  for  check¬ 
ing  shorts.  This  tube-tester  is  fused,  and  has  the  latest 
improved  circuit.  It  provides  for  line  adjustment  from 
100  to  130  volts,  with  smooth  vernier  control. 

Model  305RC  is  distinguished  for  its  beautiful  ex¬ 
terior.  It  has  a  two-tone  metal  panel  in  red  and  black 
on  a  satin-finished  background.  .Sockets  and  controls 
are  symmetrically  arranged  for  quick  operation.  The 
large,  modern,  fan-shaped  instrument  has  an  excep¬ 
tionally  long  scale.  It  has  "good”  and  "bad”  Engli^ 
marking  also  a  percentage  scale  for  matching  and 
comparing  tubes.  Cases,  both  portablet  and  counter 
style,  are  made  of  strongly  built  hardwood,  durably 
and  beautifully  finished. 

Size,  ll''xll'^x6''.  Wt.  10  lbs.  Shipping  wt.,  IS  lbs. 
Dealer’s  na  price,  portable  or  counter  model. ..>..$S9.50 
Fqr  60  cycle.  115_ volt  current  only. 

For  220  volt  or  60  cycle,  a^..'.........„*r. .  .7.50 

Standard  Model  305,  with  book-type  speed  chart  49.50 

Ceaater  Model  305RC.  Same  instrument 
as  portable  model,  but  sa  in  fine  walnut 
f  \  finished  hardwood  case,  with  tilted,  easy- 

•  to-use  panel. 

'  .  ^  fFinithcd  hardwood  cases  arc  standard  on  port- 

^  «bl«  rnodels.  When  these  are  not  available,  the 

,  A  instrument  is  housed  in  attractive  simulated-leathci 

•  covered  case. 

SIMPSON  ELECTRIC  COMPANY  ' 
5200-5218  W.  Riaiie  Street,  Chicago  44,  Illinois 
la  Canada,  ■oeh-SImpsoa,  Ltd.,  Leadaa,  Oat. 
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diated  power  in  excess  of  25  kw. 
Later,  a  CO-kw  will  be  installed  for 
400-kw  effective  power. 

Reports  of  consistent  service 
have  been  received  from  St.  Goud, 
60  miles  from  the  transmitter. 
Rochester,.  78  miles  and  St.  Peter, 
58  miles,  all  in  Minnesota,  and 
Grantsburg,  Wisconsin,  64  miles. 
Other  reports  from  Little  Falls,  80 
miles  from  Minneapolis  and  Duluth, 
130  miles  distant,  also  reported 
noise-free  reception  at  those  dis¬ 
tances. 


Metallized  Capacitor  Data 

Because  of  the  interest  shown  by 
radio  engineers  in  the  metallized 
paper  capacitors  using  a  vapor-de¬ 
posited  zinc  film  developed  in  Ger¬ 
many,  James  Cornell  of  Solar  Mfg. 
Corp.  delivered  a  paper  at  the  Ro¬ 
chester  Fall  Meeting  that  presented 
a  picture  of  American  developments 
in  this  held  and  supplied  data  with 
which  design  engineers  may  apply 
metallized  paper  capacitors  to  their 
circuit  requirements. 

Solite  capacitors,  the  pioneer 
metallized  paper  units  made  avail¬ 
able  in  this  country,  are  fixed  ca¬ 
pacitors  in  which  pure  aluminum 
electrodes  have  been  applied  to  the 
dielectric  by  means  of  a  high- 
vacuum  vaporization  process.  The 
resultant  capacitors  are  not  only 
considerably  reduced  in  size  but  are 
also  self-healing. 

Standard  impregnated  paper  ca¬ 
pacitors  consist  basically  of  wind¬ 
ings  of  two  0.00035-inch  metallic 
foils  separated  by  a  minimum  of 
two  or  more  plies  of  Kraft  capaci¬ 
tor  tissue.  The  multiple-ply  dielec¬ 
tric  is  employed  so  that  there  will 
be  little  chance  of  failure  from  me¬ 
tallic  particles  or  weak  spots  in  the 
tissue. 

Self-healing 

In  the  Solite  capacitors  there  is 
no  foil.  Instead,  the  capacitor  elec¬ 
trodes  are  25  to  100  millicron  thick 
metallic  coatings  deposited  on  the 
paper.  This  thin  film  has  the  prop¬ 
erty  of  self-healing,  permitting  the 
use  of  a  single-sheet  dielectric.  Dur¬ 
ing  the  course  of  processing  metal¬ 
lized  paper,  metal  inclusions  in  the 
paper  and  weak  spots  in  the  tissue 
are  removed,  allowing  the  single 
tissue  to  be  worked  at  its  maximum 
electrical  stress.  For  working  volt- 


#  The  Sorensen  NOBATRON  provides  a  new 
source  of  DC  voltages  regulated  at  currents  pre¬ 
viously  available  only  with  batteries. 

#  Six  standard  NOBATRON  models  operate  .on  a 
95-125  volt  AC  source  of  50  to  60  cycles  and  pro¬ 
vide  currents  of  5,  10,  and  15  amperes  at  output 
voltages  of  6,  12,  or  28. 

#  Ideally  suited  for  critical  applications  where 
constant  DC  voltages  and  high  currents  are  re¬ 
quired,  the  NOBATRON  maintains  a  regulation 
accuracy  of  ^  of  1%,  RMS  of  1%  and  has  a 
recovery  time  of  V5  of  a  second. 


#  Inveetigate  the  many  advantages  of 
Sorensen  regulators  applied  to  your  unit. 
Write  today  for  your  copy  of  the  netv  com¬ 
plete  Sorensen  catalog,  S-L.  It  is  filled  woith 
schematic  drawings,  performance  curves, 
photos,  and  contains  in  detail,  “Principles 
of  Operations.*’ 
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&tec€imimenile<i' 

LOUDSPEAKER  RQUIPMEHT 

Sm,  ^^tdceU  4^<t€t€(caA(inQ  iiiaUan^ 

ilLTEC  LAfllSmii: 

monitoring  speakers  you  choose  today  may  decide  your  p)ace  in 
broadcasting  circles  for  the  next  ten  years.  Your  choice  is  as  important 
as  that!  These  Altec  Lansing  speakers,  which  we  recommend  for  specific 
locations  in  your  station,  will  not  only  keep  you  ahead  of  competition 
today,  but  prepare  you  for  the  technical  advancements  to  come.  You 
can’t  “do  better”  than  Altec  Lansing  loudspeaker  equipment. 


603 

ftMWHwaia  Hrt  RECEPTION  AND  AUDIENCE  VIEWING  ROOM 

la  leM  critical  locations,  this  15-inch  Dia-Conc  provides 
superior  performance  at  lower-than-planned  investment 
The  multi-cellular  construction  makes  possible  wide  angle 
coverage  for  large  audiences. 


*A(c€ie/  600 

f«rt  AUXILIAar  SPtAKIR  IN  aUSClLLANDOUS  lioCATtOISS 

A  small  Scale  edition  of  the  Altec  Lansing  quality  you 
find  in  more  expensive  models,  both  the  000  and  605 
incorporate  the  Dia-Cone  principle  of  driving  separate 
high  and  low  frequency  diaphragms  from  a  sin^e  3" 
voice  coil  of  edgewise  wound  aluminum  ribbon. 


or  write 
us  for  further  information. 


ALTEC 


LANSING  CORPOSATION 


1151  N.  Vine  St..  Hollywood  38,  Calif 
250  W.  57th  St.,  N  Y.  19.  N  Y 


CADISiETRYt  This  distinctive  ma- 
hagony-  floor  cabinet  is  ideal  for 
owner’s  office  and  reception  room. 
We  recommend  it  for  its  impres¬ 
sive  appearance.  Wall  and  utility 
cabinets  are  atso  avaUable., 


KEEP 


ADVANCING 


W"l  T  H 


ALTEC 


LANSING" 


ELECTRONICS  —  MorcA,  1947 


IBRE-LAMITEX  CORP 


TUIES  AT  WORK  (contlniMd) 

age  ratings  above  200,  multiple 
layer  or  interleaved  constructions 
are  used. 

The  metallized  paper  capacitor 
will  not  break  down  at  its  rated 
working  voltage  until  a  weak  spot 
develops  in  .the  dielectric.  If  this 
happens,  the  resulting  arc  dis¬ 
charge  through  the  paper  removes 
the  weak  spot  and  vaporizes  the 
aluminum  film  around  the  weak 
spot,  clearing  the  fault.  The  alumi¬ 
num  is  redeposited  as  aluminum 
oxide,  an  excellent  insulating  mate¬ 
rial,  and  the  capacitor  has  healed 
itself. 

In  addition  to  the  space-saving 
feature,  ’the  weight  of  a  Solite 
capacitor  is  only  Mo  I  of  the  con¬ 
ventional  design  when  using  alu¬ 
minum  foil.  Lead  foil  capacitors, 
preferced  by  some  manufacturers, 
are  still  heavier. 

Test  Voltage 

A  breakdown  test  of  two  to  three 
times  rated  working  voltage  has 
been  considered  standard  for  small 
capacitors  of  conventional  design 
but  this  does  not  hold  for  metallized 
paper  units  where  the  test  voltage 
must  be  restricted  to  1.5  times  the 
working  voltage.  By  taking  full  ad¬ 
vantage  of  the  self-healing  prop¬ 
erties,  the  working  voltage  stress 
has  been  safely  increased  since  the 
removal  of  the  incipient  faults  in 
the  dielectric  has  made  the  insula¬ 
tion  more  reliable.  This  accounts 
for  the  smaller  spread  between  test 
and  working  voltage. 

If  a  direct  voltage  is  applied  to  a 
metallized  paper  capacitor  and  an 
oscillograph  is  used  for  detecting 
voltage  breakdown,  occasional 
breakdowns  of  weak  spots  in  the 
dielectric  paper  will  show  as  the 
test  potential  is  increased.  In  time 
these  incipient  faults  clear  and 
there  is  no  further  indication  of 
spark  discharge. 

As  the  test  voltage  approaches 
the  dielectric  strength  of  the  Kraft 
tissue,  the  oscilloscope  shows  a 
rapid  increase  in  the  number  of 
spark  discharges.  If  the  capacitor 
is  subjected  to  a  voltage  close  to  its 
ultimate  breakdown  voltage  or  to 
its  sparking  voltage  (lowest  applied 
voltage  which  will  cause  continuous 
self-healing  action),  the  metallic 
coating  would  rapidly  deteriorate 
as  minute  areas  of  film  would  be 
taken  out  by  each  discharge,  until 


bsorption 

oblem? 


moil 

solve  \ 


Indicxrted  are  typical  coil  iorms  used  in  communication 
ond  radio  circuits  where  low  moisture  absorption  is  o 
vital  factor.  Supplied  by  FRANKLIN  LAMITEX  completely 
punched  and  threaded. 


.  .  .  In  Sheets,  Rods  and  Tubes,  Fabricated  or  Molded  Parts 

Low  moisture  absorption  is  only  one  of  many  advantages  you  get  when 
franklin's  LAMITEX  is  specified  for  your  lob.  This  versatile  material 
is  highly  machineoble,  or  if  you  lack  the  proper  facilities  we  will 
fabricate  the  ports  for  you.  Both  LAMITEX  and  FIBRE  can  be  drilled, 
topped,  turned,  threaded,  pimched,  shaved,  bored,  reamed,  sawed, 
milled  or  completely  fabricated  into  automatic  screw  machine  parts. 

Check  these  FRANKLIN  LAMITEX  characterlstles 

High  diaivctrie  streagth 
Lqw  power  factor 
Low  noistoro  obsorptioa 
Ronorkoblo  dimoosioNol  stability 
High  mochooicol  streogth 
Low  co-oflicioot  of  thormol  oxpoasioR 
Low  ia  weight  (oboat  half  that  of  olamiaam) 
llaotfeeted  by  solveats  oad  oils 
Uaotfected  by  aiost  orgoaie  acids,  dilate 
aiiaerol  acids  or  salt  solatieas 
Seed  for  catalog  coateislag  complete  data. 


rRANKLIN 
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STANDARD  &  SPECIAL  FORMS 


DESCRIPTIVE  LITERATURE 


Etiabliihed  ItsyS. .  Manufa.tjr.r,  of  Lon.ini^ftd  Hlasiks  since  1911 — ^E\^  Aliii  U>  »  DU  AWMU 


WHAT  ARE  QUESTIONS 

About  Electrical  Insulating  Materials? 

You're  building  a  good  product — but  weuit  to  meJce  it  better  .  .  .  you 
want  to  improve  its  electrical  characteristics  .  .  .  improve  its  overall 
performance.  Among  38  grades  of  the  6  C-D  non-metallics,  there  is  a 
grade  that  will  do  the  trick.  But,  the  question  is,  which  one  possesses 
the  properties  you  require. 

To  give  you  such  information,  C-D  technicians  have  put  together 
valuable  engineering  data  in  the  new  GF-46  Bulletin.  It  tells  you  all 
you  need  to  know  about  how  to  select  and  apply  non-metallics  for 
most  efficient  electrical  insulating  purposes.  Send  for  it  today. 


C-D  NON-METALLIC 
PRODUCTS 


y  - — ^ Bulletin  GF-46 

Gives  You  Such  Basic  Information  as: 

e  Physicad  Properties  •  Recommended  Uses 

•  Electrical  Properties  •  Grades,  Types  and  Sizes 

e  Composition  of  Material  •  Fabrication  Information 

If  your  need  for  help  on  insulation  problems  is  urgent,  phone  or 
wire  our  nearest  office  and  a  C-D  technician  will  be  around  to  see 
you — quickly. 


DILECTO-  TharmoMttinQ  Laminated  Plastics. 
CELORON— A  Molded  Phenolic  Plastic.  v 

DILECTENE — A  Puia  Resin  Pla^c  Especially  Suited  to 
U-H-F  Insulation. 

HAVEG — Plastic  Chemical  'Equipsaent,  Pipe,  VaWes 
and  Fittings. 

DIAMOND  Vulcanised  HBRE. 

VULCOID — Reein  Impregnated  Vulcanised  Fibre. 
MICABOND — Built-up  Mica  Electrical  Insulation. 


Ayailable  in  Standard  Sheets,  Rods  and  Tubes;  and 
Parts  Fabricated,  Formed  or  Molded  to  Specifications. 


Bulletin  GF  giyes  Comprehensive  Data  on  all  C-D 
Products.  Catalogs  are  also  available. 


BRANCH  OFFICES:  NEW  YORK  17  •  CLEVELAND  14  •  CHICAGO  11  •  SPARTANBURG,  S.  C.  •  SALES  OFFICES  IN  PRINCIPAL  CITIES 

WEST  COAST  REPRESENTATIVES:  MARWOOD  LTD.,  SAN  FRANCISCO  3  •  IN  CANADA:  DIAMOND  STATE  FIBRE  CO.  OF  CANADA,  LTD.,  TORONTO  8 
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^AIRLOOPS  . . .  back  panel  and  loop  antenna  in  one  unit 


It  was  less  than  a  year  ago  that  large  scale 
production  of  AIRLOOPS  began  to  feed 
radio  set  assembly  lines  and  in  this  short 
•time  more  than  a  million  receivers,  fitted  with 
AIRLOOPS,  went  into  service  throughout 
the  world. 

The  enthusiastic  acclaim  and  acceptance 
of  the  AIRLOOP  is  well  earned.  It  has  dem¬ 


onstrated  that  its  many  superior  features 
improve  set  performance  and  lower  the  cost 
of  radio  assembly  and  manufacture.  Time 
and  use*have  proved  the  AIRLOOP  the 
most  significant  post  war  development  in 
radio  components  ...  no  set  builder  can 
afford  to  overlook  the  values  AIRLOOPS 
contribute  to  set  performance . 


FRANKLIN 


. flat  shMts  of  coppor  dio-stampod  into  porfoci  supor 

sonsitive  loops  .  .  .  aro  air  dioloctric  throughout  ...  aro 
lowor  in  cost  .  .  .  aro  back  panol  and  loop  in  ono  unit  ... 
have  high  uniform  "Q"  ovor  ontiro  band  . . .  havo  low  di^ 
tributod  capacity  . . .  havo  27%  groator  offoctivo  loop  aroa 
. . .  havo  oloctrical  and  mochanical  stability  . . .  incroaso  sot 
sonsitivity  .  .  .  oliminato  individual  loop  adjustmont  .  .  . 
oliminato  haywiro. 


FRANKLIN  CORPORATION 

4  3  -  2  0  3  4  th  ST.  LONG  ISLAND  CITY  N.  T. 
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MUNICIPAL  SIGNAL  STANDIT 


TUIES  AT  WOAK  (contImMd) 

an  appreciable  area  would  be  robbed 
from  the  winding.  If  the  sparking 
voltage  is  applied  long  enough,  the 
ultimate  result  would  be  complete 
self-destruction  of  the  capacitor. 

Working  Voltago 

By  plotting  the  frequency  of 
breakdowns  as  a  function  of  the  test 
voltage,  it  is  possible  to  determine 
the  sparking  voltage  and  to  set  the 
rated  working  voltage  at  such  a 
value  that  there  will  be  negligible 
arcing  or  spark  discharges  in  actual 
service.  In  rating  Solite  capaci¬ 
tors,  the  working  voltage  has  been 
consequently  set  at  about  60  per¬ 
cent  of  the  sparking  voltage  under 
the  worst  conditions  of  operation. 

As  the  operating  temperature  of 
the  capacitor  under  test  is  in¬ 
creased,  the  frequency  of  break¬ 
downs  at  a  given  test  voltage  is 
also  increased.  Consequently,  it  is 
necessary  to  de-rate  the  capacitor 
working  voltage  with  an  increase 
in  operating  temperatures.  There¬ 
fore,  two  working  voltage  ratings 
are  shown  for  Solite  capacitors — 
room  temperature  w-v  d-c  and  max¬ 
imum  temperature  w-v  d-c.  This 
latter  rating  must  not  be  exceeded 
under  service  conditions. 

Power  Factor 

Metallized  paper  capacitors  show 
an  extremely  low  power  factor,  both 
at  60  cycles  and  at  1,000  cycles, 
averaging  about  0.3  percent  at  room 
temperature.  The  low  value  is  due 
to  the  combination  of  a  noninduc- 
tive  winding,  the  short  length  of 
section  inherent  in  metallized  paper 
construction,  and  the  use  of  hydro¬ 
carbon  waxes  or  oils  as  the  impreg¬ 
nating  medium,  coupled  with  the 
dry-assembly  process  of  manufac¬ 
ture.  The  power  factor  loss  attri¬ 
butable  to  the  impregnant  itself  is 
the  same  regardless  of  whether  foil- 
paper  or  metallized  paper  is  used. 

In  making  life  tests  on  metal¬ 
lized  paper  capacitors,  protective 
resistors  must  be  used  in  series 
with  each  test  sample  in  order  to 
limit  discharge  current.  Otherwise, 
momentary  arcing  of  a  single  ca¬ 
pacitor  in  a  test  bank  will  cause  dis¬ 
charge  through  the  fault  of  the 
entire  stored  energy  in  ail  other  ca¬ 
pacitors  in  the  bank.  In  this  re¬ 
spect,  the  life  testing  arrangement 
for  metallized  paper  capacitors  re¬ 
sembles  that  for  dry  electroljrtics. 


PORTABLE,  STANDBY 
OR  STATIONARY 

for 

Electronics  Uses 


C3nan  Electric  Plants  are  completely 
self-contained,  dependable  power  units 
built  in  a  wide  range  of  sizes  and  stand¬ 
ard  voltages. 

Lightweight,  one  or  two-cylinder,  air¬ 
cooled  models  offer  the  maximum  in 
portability  for  many  applications.  Port¬ 
able  A.C.  models — 350  to  3,000  watts; 
portable  D.C.  models — 600  to5,000  watts. 

Although  widely  used  for  intermit¬ 
tent  service  as  standby  units,  Onan  two,  > 
four,  and  six-cylinder  water-cooled 
plants  are  built  for  continuous  heavy-; 
duty  operation . . .  stationary  or  mobile.- 
A.C.  models— 3  KW  to  35  KW;  D.  CJ 
models— 3.5  KW  to  10  KW. 

WRITE  FOR  FOLDER 

• 

OMAN  Badric  Planh  or*  evoSabla  bi  many  «tin$  and 
rnodab.  ALTERNATING  CURRB4T.  330  to  33,000  worn  bl 
aH  standard  voltagM  and  fraquoncint.  DIRECT  CURRBiTi 
300  to  10,000  watts,  113  and  230  valts.  lAHERY 
CHARGERS:  300  to  3,300  watts;  6.  12.  24  and  32  voitt. 

Da  Wa  ONAN  &  SONS  INC. 

3M0  Rayabton  Ava.  Mlnimof  alia  5,  Minn. ' 


GEOPHYSICAL  SURVEY 


POWE 


182 


Match.  IM7  — ELECTRONICS 


^^flaUARDS! 


ASK  THE  DESIGNER!  He  knows  that  ^^lass  stands  near 
the  top  of  the  list  of  dielectrics  which  offer  greatest  resistance 
to  heat,  corrosion,  flame,  oxidation,  rot  and  other  deteriorants. 
Woven  of  soft,  flexible  fibrous  glass  yarn,  TURBO  Glass 
Tubing  is  inherently  an  excellent  insulator.  Combined  with 
TURBO  varnish  impregnants  in  the  manufacturing  process, 
it  becomes  an  ideal  material  for  exceptionally  difficult  appli* 
cations.  Below  are  listed  some  of  the  other  quality  TURBO 
insulating  materials  extensively  used  in  industry  ; 


An  oil  purp«M  intulotion  for  any  bwt  tho  highor  diala<«ric  rongot.  Vomltk  imprognolod  cotton 
yarns.  Flaxibla,  strong,  rosislonl  to  acids  and  oils.  Good  moisturo  and  flomo  rotlstonco.  Dl* 
oloctric  broakdown— 1 200  V.,  por  ASTM  tost. 


Saturated  Sleeving 


Numbor  18  and  Anor  stranded  and  solid  conductor  with  a  soomlots  oxtrudod  plostic  intolotion. 
Surpassing  dioloctric  proportios.  Rosistont  to  oils,  ergonic  selvonts,  acids,  olkalios  and  oxido' 
tion.  Minimum  shrinkogo  and  burning  offocts  in  soldoring  and  potting. 


Piastk  Insulated  Wire 


A  superior  braided  cotton  insulation  featuring  saturation  impregnation  of  flexible  varnitbot. 
Strong,  flexible,  non-pooling,  non-crocking,  moisture,  oil,  acid  and  flame  resistant.  Dioloctric 
broakdown  ASTM  tost — Magneto  grade — 7000  V.,  Rodie  grade— 4000  V. 


Vamished  Tubing 


All  forms — plate,  block  segments.  Aims.  Rigid  control  in  all  stages— grading  selection,  fabrica¬ 
tion  and  testing  insures  uniformity  and  quality  in  Anishod  products.  Moots  all  tests  involving 
physical  ond  electrical  stability;  SpociAc  problem-collaboration  is  invited. 


Mka  &  Mka  Products 


William  brand  &  company 

271 FOWTII  tn.,  NEW  VOIIK  ID.  N.T.-  32S  W.  WIION  ST.,  CHIOEO  tO,  U. 
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INDUSTRIAL  CONTROL 

(continued  from  p  t42J 


By  applying  adhstive  through  a  itoncU 
prior  to  oloctrostatic  troatmont.  a  tuitod 
matorial  haring  a  design  such  as  shown 
•  obore  is  lonned 

means  of  which  “Dotted  Swiss” 
and  embroidery  effects  were  ob¬ 
tained.  In  making  such  decorated 
textiles,  adhesive  is  applied  with  a 
stencil  in  the  pattern  desired,  and 
the  fibers  are  electrostatically  pulled 
into  the  adhesive.  The  decorated 
material  is  then  cured  and  the  proc¬ 
ess  is  complete.  The  decorated  fab¬ 
rics  are  able  to  withstand  repeated 
laundering  and  drycleaning.  The 
process  is  a  development  of  Behr 
Manning  Corp.  of  Troy,  N.  Y. 

A  pile  fabric  that  feels  like  vel¬ 
vet  has  also  been  developed.  This 
has  a  backing  of  cloth,  paper,  or  any 
other  material  put  up  in  continuous 
sheet  or  web  form,  such  Rh  cello¬ 
phane,  plastics,  etc.  To  this  backing 
a  dense,  even  pile  of  fibers  is  ad¬ 
hesively  anchored.  Methods  have 
been  devised  for  patterning  and  em¬ 
bossing  this  material,  and  many  ef¬ 
fects  have  been  obtained  which  can¬ 
not  be  duplicated  by  conventional 
textile  weaving  machinery. 

Densities  of  300,000  erect  fibers 
per  inch  are  obtained  and  standard 
wear  tests  show  ratios  of  three  to 
one  in  favor  of  electrostatically 
flocked  materials. 


Here's  the  fastest  solution  to  the  problem  of  supplies  and 
parts  that  are  “fresh  out”  —  get  them  by  Air  Express.  This 
super-speedy  service  places  even  the  most  distant  supplier 
only' hours  from  your  business. 

Speeds  up  to  five  miles  a  minute  now  make  coast-to-coast 
and  overseas  deliveries  a  routine  affair  for  Air  Express. 
•And  mow  it’s  a  better  value  than  ever  before.  The  cost  of 
shipping  by  speedy  Air  Express  is  low. 


Specif  Air  Bcpress-it^  Good  3usine$6 


•  Low  rates,  s  Special  pick-up  and  delivery  at  no  extra  cost. 

•  Direct  by  air  to  and  from  principal  U.  S.  towns  and  cities. 

•  Air-rail  to  23,000  off-airline  communities. 

•  Direct  air  service  to  and  from  scores  of  foreign  countries. 

Just  phone  your  local  Air  Express  Division,  Railway  Elxpress 
Agency,  for  fast  shipping  action  .  .  .  Write  today  for  Air  Express 
Rate  Schedules  containing  helpful  shipping  aids.  Address  Air  Express, 
230  Park  Avenue,  New  York  17.  Or  ask  for  them  at  any  Airline  or 
Railway  Express  Office.  Air  Express  Division,  Railway  Express 
Agency,  representing  the  Airlines  of  the  United  States. 


Fluorescent  Lamp 
Delay  Timer 

Commercial  fluorescent  lamp  sizes 
as  well  as  the  standard  germicidal 
lamps  can  be  measured  for  starting 
lag  with  the  circuit  shown  in  the 
accompanying  diagram. 

First  the  input  voltage  is  ad- 


Rates  are  low 

To  Air  Express  a  10-lh.  package 
1549  miles  costs  only  $4.65! 
Heavier  weights'  are  similarly 
inexpensive.  Investigate! 
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NEW  ELECTRIC  CONNECTORS 

BY  CANNON  ElECTRIC 

TYPE  "W”  WATERPROOF  CONNECTORS 


Type  "IF"  Plugs  caused  attd  standby 
Waterproof  Caps  on  buoy  used  in  off¬ 
shore,  undersea  geophysical  exploration 
by  United  Geophysical  Company. 

PRESSURE-TESTED 


RECEPTACLE— Pin  Insert  assembly, 
showing  special  rubber  sealing  ring 
and  Acme  Thread.  Shell  material 
brass,  nickel  plated. 


PLUG -Type  W16-11S-21-1/4 
Two  4tl2  Wires  — socket  insert 


PLUG-Type  W16-11P-22-1/4 
Two  #12  Wires— pin  insert 


This  new  “W”  Series  of  heavy- 
duty,  multi-contact  connectors 
is  designed  for  uses  undersea, 
underground  and  where  mois¬ 
ture  or  spray  conditions  require 
thoroughly  sealed  fittings. 
Available  in  three  shell  sizes 
based  on  "AN”  insert  sizes  Nos. 
16,  22  and  36,  with  nearly  50 
insert- contact  arrangements  to 
pidc  from  in  the  "AN”  Series. 

TO  250  POUNDS 


RECEPTACLE  — Socket  Insert 
Assembly,  with  double  flange  con¬ 
struction.  Insert  No.  22-19  shown 
with  14  #  16  contacts. 


For  additional  information,  write  Dept.  C-120  for  Bulletin  W-126. 
Please  specify  "AN”  Bulletin  for  insert .  information,  if  desired. 
Prices  quoted  on  complete  assemblies  only  from  factory  or  Cannon 
Engineering  Representatives  located  in  principal  U.  S.  A.  cities. 


CANNON  ElECTRIC 

DEVELOPMENT  COMPANY 

3209  Humboldt  Street,  Los  Angeles  31,  California 

Canada  &  British  Empire  —  Cannon  Electric  Co.,  Ltd.,  Toronto,  Ontario  •  World  Export 
Agents  (excepting  British  Empire)  Fraiar  A  Hansen,  301  Clay  St.,  San  Francisco  11,  Calif. 


INDUSTRIAL  CONTROL  (continued) 

justed  to  suit  requirements  of  lamp 
under  test.  Then  the  switch  is 
closed,  energizing  the  clock  clutch 
coil  and  the  lamp  ballast.  When 
the  test  lamp  does  not  light,  no 
current  will  flow  from  the  917 
photocell  thrpugh  the  grid  resistor 
of  the  6SC7  cathode  follower.  Con¬ 
sequently,  the  cathode  follower 
draws  a  maximum  of  plate  current, 
and  the  6A3  triode  is  thus  made 
positive.  Low  plate  to  cathode  re¬ 
sistance  of  the  6A3  permits  opera¬ 
tion  of  the  clock  clutch. 


meoauTsmant 

When  the  test  lamp  lights, 
current  through  the  917  photocell 
causes  the  grid  of  the  6SC7  to  be¬ 
come  negative,  reducing  the  plate 
current.  Since  the  100,000-ohm 
cathode  resistor  will  then  have  less 
voltage  drop,  the  6SC7  cathode  be¬ 
comes  negative  with  respect  to 
ground.  The  grid  of  the  6A3 
connected  to  this  cathode  will  be 
cut  off  and  clock  clutch  will  drop. 

The  operating  current  of  the 
clock  clutch  coil  ranges  from  40  to 
60  milliamperes  and  is  easily 
handled  by  the  6A3  tube.  Use  of 
the  cathode-follower  circuit  per¬ 
mits  the  use  of  high  series  resist¬ 
ance  in  the  phototube  circuit  for 
high  sensitivity  and  convenient 
cable  length  between  the  phototube 
and  the  6A3.  The  circuit  is  sug¬ 
gested  by  Trevor  Temple  of  Syl- 
vania  Electric  Products.  The  pho¬ 
totube  selected  should  be  sensitive 
to  radiation  characteristic  of  lamp 
being  tested.  The  cathode  follower 
may  be  any  high  mu,  low  plate  cur¬ 
rent  triode.  The  output  tube  should 
be  capable  of  supplying  relatively 
large  plate  current  at  nominal 
plate  voltages.  A  large  input 
resistor  to  the  cathode  follower 
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WHEN  YOU  NEED  D-C  from  an  A-C  source,  consider  the  time  -  and  money¬ 
saving  advantages  of  Federal  Selenium  Rectifiers.  They  operate  silently, 
without  tubes  or  moving  parts  which  require  frequent  replacement.  They’re  rug¬ 
gedly  constructed  to  withstand  shock  and  vibration.  Service  life  is  practically 
unlimited,  with  almost  no  attention  or  maintenance.  And  they  rvm  cooler,  too 
— start  instantly  when  the  power  is  turned  on. 

The  Selenixun  Rectifier  is  an  ITflsT  development,  pioneered  and  perfected  in 
this  country  by  Federal.  And  Federal  rectifiers  have  given  years  of  outstanding 
service  with  all  types  of  equipment  in  all  branches  of  industry  —  every  unit 
backed  by  many  years  of  experience  in  design  and  manufacture. 

Mm<t«  by  Amarica’a  Lar§»»t  mnd  Oldest  Manufmcturer  of  SeJenium  Reetifierat 


fTTTm 


nin  48-plate  Federal  Sdenium 
Rectifier  provides  more  power  out¬ 
put  in  less  space  than  any  previous 
unit  of  its  type. 


Federal  Telephone  and  Radio  Corporation 


In  Conadcn— PednrnI  nectrte  Manwfactwring  Company,  Ltd.  Montrool. 

Ixpert  Distribwterst— Intornotienal  Standard  Doetrlc  Corp.  d7  Iroad  St.,  N.  Y.  C. 


Mawoth  I, 
Mow  dorsay 
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THE  BALLAHT/HE 

UECTRONtC 
AC  VOLTMETER 


100  Times  more 
SensiMve  than 
ConvenNonal 
od 


inAtt 


Model  300  Sensitive  Electronic  Voltmeter — a  val¬ 
uable  laboratory  or  production  line  instrument 
— highly  accurate — stable  calibration — capable 
of  reading  down  to  1  millivolt  and  up  to  100  volts 
over  a  wide  frequency  range  with  an  overall 
accuracy  of  2%,  Single  logarithmic  scale  makes 
readings  especially  easy.  Unaffecte<l  by  changes 
in  line  voltage  or  by  tube  replacement.  Can  be 
used  as  a  high  gain  (70  DB)  amplifier  —  fre¬ 
quency  range  flat  from  10  to  130,0<M)  cycles.  * 

Send  for  Bulletin  10 

BALLANTINE  LABORATORIES,  INC. 

•  OONTON,  NIW  JERSEY,  U.  S.  A. 


INDUSTRIAL  CONTROL 


(contiiluRd) 


may  be  used,  particularly  if  avail¬ 
able  radiation  is  small.  The  value 
of  the  cathode  resistor  is  not 
critical,  but  it  should  not  exceed  0.5 
megohm.  Adjustment  of  dock 
clutches  may  be  required,  since,  as 
they  are  supplied,  there  is  a  wide 
range  in  the  values  of  pull-in 
current. 

First  Factory  F-M 
Radiophone 

First  industrial  plant  authorized 
by  the  FCC  to  use  two-way  radio¬ 
phone  is  that  of  the  Haskell  and 
Barker  freight  car  plant  of  Pull¬ 
man-Standard  Car  Manufacturing 
Company.  The  installation  consists 
of  a  Motorola  central  station  and 
six  mobile  sets.  Four  receiver- 
transmitters  are  located  in  45-ton 
diesel  switch  engines,  while  two 
more  have  been  installed  in  loco¬ 
motive  cranes,  used  to  unload  mate¬ 
rials  at  production  lines  or  to  per¬ 
form  routine  maintenance.  The 
central  control  station  is  housed  in 
a  special  sound-proof  room  in  the 
scale  house  of  the  plant. 

The  switch  engines  and  cranes 
are  used  on  more  than  22  miles  of 
criss-crossed  track  that  traverse 
the  80-odd  acres  occupied  by  the 
big  Haskell  &  Barker  plant.  In  the 
past,  where  and  when  this  equip¬ 
ment  would  be  needed  and  used 
made  work  schedules  a  difficult 
problem.  When  emergencies  arose, 
it  took  the  yardmaster  an  hour  or 
more  to  locate  an  engine  or  crane 
and  get  it  where  it  was  needed, 
wasting  many  man  hours  on  the 


Manufacture  of  frelqht  can  Is  speeded  up 
by  Motorola  two-way  f-m  radio  equip¬ 
ment  at  Pullman-Standard  Car.  Yard 
cranes  and  locomotives  used  to  unload 
materials  at  production  lines  are  controlled 
from  a  central  station 
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36  TRUARC  rings  reduce  weight  eiiminate  parts 

J  ^ 

:  in  complex  radar  aircraft  antenna !  v 


#  Waldos  Truarc  Retaining  Rings 
cut  machining,  assembly,  maintenance  time 


Tiny  rings  easily  installed  keep 
link  pins  in  position,  are  easily 
removed  for  maintenance. 


Courtesy  of  Dotmo-Villor 


Truarc  snaps  in  place  easily  as 
a  ball-bearing  retainer,  allows 
use  of  shorter  bushing. 


Gears  stay  secure:  Truarc  saves 
space  in  this  gear  and  worm 
application. 


Assembly  in  cramped  space  with 
practically  no  cleorance  is  sim¬ 
plified  with  Truarc  ring. 


"TRUARC  NOT  ONLY  REDUCES  WEIGHT  IN 
OUR  APS-4  AIRCRAFT  ANTENNA,"  states  Dalmo- 
Victor,  of  San  Carlos,  California,  "but  also  saves 
niunerous  machining,  drilling  and  threading  opera¬ 
tions  and  reduces  assembly  and  maintenance  time. 
Waldes  Truarc  Retaining  Rings  are  easy  to  install 
and  remove,  give  equal  pressure  over  a  continuous 
surface  because  of  their  perfect  circularity,  and 
eliminate  large  numbers  of  tools  hitherto  required. 


They  do  not  deteriorate  under  the  most  rigorous 
operating  conditions." 

Wherever  permanent  maintenance  of  tolerance 
is  important,  Truarc  rings  keep  moving  i>arts  in 
accurate  relationship.  In  all  industries,  designers 
find  Truarc  a  better  way  of  fastening  machine  parts; 
production  and  maintenance  men  find  Truarc  cuts 
costs.  Send  us  your  drawings;  Waldes  Truarc  engi¬ 
neers  will  be  glad  to  show  how  Truarc  can  help  you. 


Sene/  for  New  Truarc  booklet, 

"New  Development  In  Retaining  Rings 


-WALDES 

^THUAHC 


I  Waldes  Kohinoor,  Inc.,  47-10  Austel  Place  ts-l 
Long  Island  City  1,  N.  Y. 

1  Please  send  booklet,  '74ew  Development  In  Re- 
I  taining  Rings"  to; 

I  Name _ _ 

^  Tide _ 


•  U  *  PATINT  RC  iR.|44  ARD  OTRCR  PAT5  PCNO  I  COmpAXiy - 

RETAINING  RINGS  I  Business  Addic 


W/^Df  S  KOHtkobR,  INC..  Long  Island  City  1,  New  York 


.1  4^ 


lies 


HIGH 

VACUUM 


INDUSTRIAL  CONTROL 

production  line.  With  radio  equip- 
ment,  the  yardmaster  keeps  track 
of  every  locomotive  and  crane  And 
directs  it  in  a  matter  of  seconds. 

The  equipment  is  frequency  mod¬ 
ulated  and  operates  in  the  new  152- 
162-megaqycle  band.  Solid  ground- 
wave  coverage  within  the  operating 
area  of  the  plant  is  expected.  The 
diesel  locomotive  installations  use 
a  generator  connected  directly  to 
the  engine,  which  operates  a  stand¬ 
ard  battery  system,  supplsring 
power  for  the  radio.  Steam  cranes 
‘  have  a  six-volt  gasoline  driven 
generator  supplying  the  power. 


Ultrasonics,  A  New  Tool 

The  earliest  study  of  ultrasonic 
vibrations  is  credited  to  the  Ger¬ 
man,  Koenig,  who  produced  tuning 
forkk  in  1876  capable  of  90,000  vi¬ 
brations  per  second.  The  Galton 
whistle  developed  by  Edelmann  pro¬ 
duced  100,000  vibrations  per  second 
by  means  of  air  forced  into  a  cylin¬ 
der  with  a  movable  piston. 

Magnetostriction  was  discovered 
by  Joule  when  he  found  that  a 
magnetized  bar,  brought  into  a 
magnetic  field,  changed  in  length 
and,  if  the  changes  were  rapid,  the 
bar  would  emit  waves  of  high  fre¬ 
quencies. 

Chief  difficulty  in  the  study  of 
these  high-frequency  waves  was  the 
problem  of  a  suitable  generator. 
Before  World  War  IT,  ultrasonic 
generators  were  available  to  Ger¬ 
man  manufacturers  but  these  were 
very  expensive,  difficult  to  obtain, 
and  were  unsuited  for  general  use. 
One  of  the  first  practical  ultrasonic 
generators  available  was  perfected 
by  Langevin,  who  developed  the 
submarine  detector.  The  piezoelec¬ 
tric  method  originated  with  the 
Curie  brothers  in  1880. 

A  wide-spread  inquiry  into  the 
principles  of  ultrasonics  has  been 
undertaken  by  many  laboratories 
and  a  considerable  amount  of  ob¬ 
served  ultrasonic  phenomena  has 
indicated  a  large  variety  of  indus¬ 
trial  and  other  applications.  Many 
industrial  laboratories  are  unaware 
of  what  others  in  the  same  fields  of 
research  are  achieving  and  to  help 
disseminate  useful  information, 
some  of  the  phenomena  reported  by 
Televiso  Products  Company  are 
given  below. 

Immiscible  liquids,  such  as  water 


Compact  irwtatlation  of  Kinnoy  Compound  High  Vacuum 
Pump*  uaed  to  ttack  diffusion  pumps  in  tha  manufactura  of 
uttra  high  fraquancy  tubas  at  Raythaon  Mfg.  Co^  Waltham, 

Mass. 


Ttio  compQCt  dosign  of  Kinney  High  Vacuum  Pumps  enables 
.  them  to  be  grouped  closely  with  auxiliary  equipment  .  .  . 
shortens  pipe  lines  .  .  .  saves  valuable  floor  space.  Kinney 
Pumps  are  self-contained  units,  easily  installed.  Having  auto¬ 
matic  lubrication  and  oil  sealing,  they  produce  high  vacuums 
indefinitely  with  minimum  attention. 

The  faster  pump  down  and  lower  ultimate  pressures  of  Kinney 
High  Vacuum  Pumps  shorten  production  time  and  cut  costs  in 
vacuum  processing — exhausting  lamps  and  tubes,  sintering  alloy 
metals,  coating  Tenses,  producing  drugs,  etc.  Kinney  Single 
Stage  Vacuum  Pumps  produce  low  absolute  pressures  to  10 
miaons;  Compound  Pumps  to  0.5  miaon. 

Write  for  Bulletin  V<^5. 

KINNEY  MANUFAaURING  COMPANY 

3565  Washington  Street  Boston  30,  Mass. 

New  York  •  Chicago  •  Philadelphia  •  Lot  Angelet  •  San  Frandteo 
FOREIGN  REPRESENTATIVES 

General  Enaineering  Co.  (Radcliffe)  Ltd.,  Station  Works,  Bury  Rood,  Rodcliffe, 
Lancashire,  England 

Horrockt,  Roxburgh  Pty.,  Ltd..  Melbourne,  C  I.  Australia 

W.  S.  Thomas  A  Taylor  Pty.,  Ltd.,  Johannesburg,  Union  of  South  Africa 


Because  the  makers  of  EL-MENCO  Capacitors  have  always  in¬ 
sisted  on  quality  at  any  cost,  the  name  EL-MENCO  is  now  recog¬ 
nized  as  the  identification  mark  of  leadership. 

EL-MENCO  Capacitors— .Molded  Mica— Mica  Trimmer.  We 
are  bending  every  effort  to  satisfy  all  manufacturers  who  want  these 
quality  products.  Send  us  your  specifications  and  we  will  do  our 
level  best  to  supply  you. 

THE  ELECTRO  MOTIVE  MFG.  CO.,  Inc.  Willimantic,  Conn. 


0«r  new  cotal 


for  monnfae 


send  for  yewr  ed 


Foreign  Radio  and  Electronic  Manufacturers  commu- 
n  BA  nicate  direct  with  our  Export 

I  II  I*  I  I  Department  at  Willimantic, 
R  I  I  I  ^  I  I  Conn,  for  information. 


MOLDED  MICAVm  m  hWWMICA  TRIMMER 

CAPACITORS 
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SMALL  AND  MEDIUM  SIZE 


Precision-made  gear^  in 
sundard  and  special  tooth 
forms,  from  any  kind  of 
material,  made  to  meet  your 
requirements.  Gears  for 

,  ^  .  ,  ,  .  .  ^  Beaver  ensineers  at  work.  These  men  will  de- 

electrical  devices,  instru-  sj^n  ©r  redesign  a  gear  to  meet  performance  and 

ments,  apparatus,  and  other  specifications. 

mechanical  movements.  Precision  grinding  of  worms  and 
threads.  Highly  specialized  production  methods  and  inspection 
equipment  insure  gears  made  to  exact  specifications.  Send  us 
your  blueprints  for  estimate. 


Write  Today  for  this 
FREE  BULLETIN 

Complete  information  on  Beaver  Gear  facil¬ 
ities  and  methods  .  .  .  views  of  various  oper¬ 
ations,  and  illustrations  of  gears  produced  to 
the  exact  specifications  of  various  customers. 
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and  oil,  or  water  and  mercury,  can 
be  transformed  into  stable  emul¬ 
sions  by  treatment  with  intense 
ultrasonic  waves.  Experiments  re¬ 
veal  that  absorbed  gases  have  a 
stabilizing  effect  in  water-mercury 
emulsions  thus  produced.  At  fre- 
quencies  between  300  and  40U  kilo¬ 
cycles,  very  fine  emulsions  of  mer¬ 
cury,  tin,  sulphur,  copper,  lead,  bis¬ 
muth,  silver,  and  paraffins  can  be 
produced  in  water. 

Fine  Grain  Film 

The  action  of  ultrasonics  on 
photographic  emulsions  improves 
the  stability  and  increases  the  re¬ 
solving  power  and  sensibility  of 
the  film.  The  injurious  grouping  of 
grains  in  the  photographic  emul¬ 
sion  is  not  only  prevented  by  ultra¬ 
sonics,  but  when  present  is  even 
abolished.  Thus,  this  application 
may  result  in  finer-grain  film  as 
well  as  in  increasing  the  speed  of 
present-day  film. 

Considerable  promise  lies  in  the 
application  of  ultrasonics  to  the 
manufacture  of  catalytic  agents. 
Several  effects  have  been  observed 
in  the  ultrasonic  dispersions  of 
metals  in  liquids.  If  a  cathode  is 
subjected  to  ultrasonic  waves  dur¬ 
ing  electrolysis,  the  deposited  metal 
is  flung  out  into  the  liquid  in  a  dis¬ 
persed  form  at  high  speed.  Practi¬ 
cally  all  metals  which  can  be  sepa¬ 
rated  by  electrolysis  can  be  dis¬ 
persed  in  this  way  and  the  degree 
of  dispersion  can  be  controlled  by 
the  power  of  the  ultrasonic  waves, 
the  electrode  material,  and  the 
cathode  surface. 

Oxidation 

Chemical  effects  of  ultrasonics 
may  be  accompanied  by  a  slight 
heating  effect  yet  reactions  are  pro¬ 
duced  which  cannot  be  duplicated 
by  heat.  Strong  oxidation  reactions, 
for  example,  are  produced  by  ultra¬ 
sonics  in  an  aqueous  solution  of 
carbon  tetrachloride  in  the  presence 
of  potassium  iodide  and  starch.  The 
blue  color  of  the  starch  appears  im¬ 
mediately.  Unstable  substances 
such  as  nitrogen  tri-iodide  (NI,) 
will  explode  when  subjected  to  the 
ultrasonic  waves. 

Highly  polymerized  molecules 
can  be  split  up  at  around  700  kilo¬ 
cycles.  Starch  can  be  transformed 
into  dextrine,  and  substances,  like 
gelatin  and  gum  can  be  decomposed. 
It  is  possible  that  ultrasonics  can 
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A  new  Electrical  Tape  that  is 
simplifying  the  manufacture  and 


maintenance  of  Electrical  Equipment 


Scotch  TAPE 


StCT'ON 
«  CAP'  ^ 


OUT  Slot  WAtV.  - 

Of  pull^'a*' 


WITH  VINYL  PLASTIC  BACKING 


A  MANUFACTURER  OF  BURGLAR  ALARMS 

facilitates  construction,  minimizes  upkeep  and  pro¬ 
motes  uninterrupted  efficiency  of  his  equipment  by 
using  "SCOTCH"  Electrical  Tape  with  Vinyl  Plastic 
Backing  to  protect  soldered  joints  on  windows,  re¬ 
placing  a  tape  that  absorbed  moisture  and  had  a 
tendency  to  dry  up  and  fall  off,  particularly  after 
the  window  was  washed. 


”SCOTCH”  it  Hm  ragittarad  trodt  mart  far  Mia  adhativa  tapat 
mada  in  U.  S.  A.  Sy 

Minnesota  Mining  &  Mfg.  company 


900  Faagiiiar  Avamta 


the  3M  COMPANY' 


SAINT  PAUl  MINNHOTA 


A  GREAT  RAILROAD  SYSTEM 

uses  "SCOTCH"  Electrical  Tape  with  Vinyl  Plos^ 
Backing  in  equipment  maintenance.  It  takes  the 
place  of  the  rubber  and  friction  tape  combination 
in  "over-stuffed"  junction  boxes.  Another  use  is 
splicing  wire  to  lighting  fixtures  to  permit  splice  to 
fit  easily  into  wire  channel,  replacing  bulkier  tapes. 


Th»r«  or#  ov«r  thklv  dHTorent  typ*t  of  "SCOTCH"  Eloctrteol 
Tap#*,  whh '  bockingt  and ,  adhoslvas  to  eovor  on  oxtromoly 
wido  rongo  of  oloctrkal  conduction  and  ropolr  requiromonts. 
Writo  for  comploto  informotiort.  If  you  wich,  a  "SeOTCM"  Topo 
onginoor  will  calU 


A  FAMOUS  MAKER  OF  CONTROL  INSTRUMENH 

uses  "SCOTCH"  Electrical  Tape  with  Vinyl  Plastic 
Backing  in  place  of  string  lacing  to  fasten  wire 
harnesses.  They  band  the  harness  every  two  inches 
with 'the  tape,  also  at  each  place  where  a  lead 
comes  off.  The  new  method  saves  time,  makes  a 
neater  job,  produces  a  more  flexible  cable. 
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INDUSTRIAL  CONTROL  (centlnuad) 

be  employed  in  the  refining  of  pe¬ 
troleum  to  accomplish  the  same  re¬ 
sults  now  obtained  by  cracking.  On 
tests  using  paraformaldehyde,  a 
breaking-up  action  takes  place. 

Gels 

The  effect  of  ultraaunics  on  gels 
is  of  considerable  value.  Iron  hy¬ 
droxides  can  be  liquefied  by  ultra¬ 
sonic  treatment,  but  no  permanent 
change  takes  place  in  the  gel.  Ap¬ 
parently,  the  liquefaction  oi  gels  is 
caused  by  the  creation  of  cavities 
and  their  collapse.  The  peptization 
of  a  gel  in  liquid  is  accelerated. 

Melts  such  as  tin  and  aluminum 
solidify  more  rapidly  when  sub¬ 
jected  to  ultrasonics,  and  the  struc¬ 
ture  has  a  finer  grain  after  such 
treatment.  Considerable  work  in 
this  field  has  been  done  in  an  effort 
to  speed  the  nitrogen  hardening  of 
steel. 

Liquids  can  be  degassed  by  ultra¬ 
sonics  because  the  liquid  expands 
under  treatment,  thus  reducing  the 
pressure  and  allowing  the  dissolved 
gas  to  emerge.  A  possible  commer¬ 
cial  application  here  is  the  produc¬ 
tion  of  fused  metals  free  from  gas 
inclusion. 

A  coagulative  effect  has  been  no¬ 
ticed  on  aerosols.  Since  substances 
such  as  dust,  smoke,  mist,  etc.,  are 
merely  dispersed  solids  or  liquids  in 
a  finely  divided  state  in  a  gas,  this 
application  of  ultrasonics  may 
achieve  the  smokeless  city. 

Organic  Matter 

Reminiscent  of  so-called  death 
rays,  small  fish  and  frogs  are  killed 
instantly  by  supersonic  exposure. 
In  a  physiological  salt  solution,  red 
corpuscles  are  quickly  destroyed. 
Effects  on  bacteria  are  inconsistent 
to  date— in  some  cases  a  diminu¬ 
tion  in  virulence  occurs  and  in  oth¬ 
ers  an  increase  is  observed. 

Experin.ents  in  the  sterilization 
of  canned  foods,  liquids,  and  dry 
cereals  have  achieved  complete  re¬ 
sults  in  many  instances.  Another 
food  application  of  ultrasonics  lies 
in  its  use  as  a  homogenizing  process 
in  the  production  of  milk  and  simi¬ 
lar  products.  Paint,  for  example, 
can  be  homogenized  with  ultra¬ 
sonics.  Paint  mixtures  thus  treated 
have  been  found  to  be  smoother  and 
to  last  longer  than  those  not 
treated.  Drying  qualities  are  also 
improved. 


TetsGnAt>tt 

SIMPLICITY  plus  DEPENDABILITY 


CONVERTING  OUTPUT  OP  PSK  RECEIVER  TO  POLAR  VOLTAGE 


Callbratod  Mif  contaiiMd  MARK-SPACE 
frvqiMncy  naaturing  circuit. 

inlumal  polar  rokiy  or  odjusloblo  polar 
vollogo  outputs. 

Copoblo  of  koying  tpoods  of  bottor 
than  SOO  WPAA 

Now  MARK-SPACE  rojoction  circuits  aro 
utiiizod. 


SPECIFICALLY  DESIGNED  FOR  FSK  TELEGRAPH  RECEPTION 


Crystal  controllod  with  chonnol  chongo 
ovor  by  moons  of  protunod  plug-in 
coil-crystal  troy. 

Imago  roioction  70  DR  at  4  MC  and 
55  DR  at  20  MC 

20  DR  signal  to  noiso  ratio  at  1  micro¬ 
volt  input. 

Adoptoblo  for  dual  or  tripio  divorsity 
oporation. 


FOR  KEYING  TRANSMITTERS  BY  FREQUENCY  SHIFT  METHOD 


Fully  crystal  controllod,  provisions  for 
3  froquoncios. 

MARK  and  SPACE  froquoncios  both  od- 
justablo. 

SimpliRod  and  dopondoblo  oporation. 


Easily  adapted  to  existing  equipment. 

Provides  an  effective  1 5  to  20  DB  increase  in  circuit  signal 
to  noise  ratio. 

Allows  use  of  lower  powered  transmitters  on  radio  tele¬ 
graph  circuits. 

Extends  hours  of  operation  on  existing  circuits  due  to 
greatly  improved  signal  to  noise  ratio. 

Makes  automatic  printer  operation  feasible. 


GARDEN  CITY,  NEW  YORK 
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Have  You  Tried  Ceramic  Condensers 
for  General  Purpose  Applications? 


NON.INSULATIO 


Erie  *'GiP”Ceramicons 


me.  li.t.  PAT.  orr. 


Many  leading  radio  manufactnr* 
ers  nave  already  switched  to 
ERIE  "GF'  Ceramicons  for  gen¬ 
eral  purpose  applications.  These 
ceramic  condensers  have  all  the 
well-known  dependability  of 
other  ERIE  Ceramicons  with 
their  sturdy  compactness  and 
ease  of  installation,  plus  an  un¬ 
precedented  economy  for  gen¬ 
eral  purpose  applications. 

ERIE  "GF'  Ceramicons  are 
designed  for  practically  all  ap¬ 
plications  in  which  the  con- 
denser  is  not  directly  frequ^cy 
determining  for  AVC  Filtenw^ 
Resistance-Capacitance  Audi^ 
Coupling,  Tone  Compensatioiv 
V  olume  Control  R.  F.  By-Passing, 
Audio  Plate  R.  F.  By-Passina  Os¬ 
cillator  Grid  Coupling,  R.  F. 
Coupling,  Antenna  Coupling. 


The  production  of  large  quanti¬ 
ties  at  one  time  of  a  given  'ca¬ 
pacity  value  accounts  for  their 
economical  price  .  .  .  there  is 
no  sacrifice  in  quality. 

Condensers  classified  as 
GPl  Have  a  temperature  coef¬ 
ficient  between  4-130  and 
-1600  P/M/®C  and  are  available 
up  through  150  MMF.  Con¬ 
densers  classified  as  GP2,  man¬ 
ufactured  in  capacities  of  120 
MMF  and  higher,  may  include 
all  of  the  above  dielectrics  and, 
in  addition,  the  ERIE  Hi-K  type. 

_  ERIE  "GF'  Ceramicons  are 
^ade  in  insulated  styles  in  pop- 
mar  capacity  values  up  to  5,000 
MMF,  and  in  non-insulated 
styles  up  to  10,000  MMF.  Write 
for  full  details. 
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ELECTRON  ART 

(continuad  from  p  144) 

Fig.  2B.  Type  A,  represented  in 
Fig.  2A  by  the  FG178A,  has  a  cir¬ 
cular-plate  anode  with  the  cathode 
some  distance  away  on  the  axis  of 
the  anode  so  that  the  magnetic  field 
can  be  concentrated  at  the  cathode. 
The  spectrum  of  this  type  structure 
has  high  low-frequency  noise,  with 
no  peak  and  a  steady  decrease  in 


FNeOUENCY  IN  MA 


CONSTANT  FREQUENCY 
AUDIO  OSCILLATOR 


FIG.  2 — Characteristic  noiss  irom  ssTsral 
types  ol  gcu  tubes 


Frequency  Mcdntcdned  To  Within  One  Port 
In  Hve  ^^lion  Per  Degree  Centigrade 


level  as  the  frequency  increases. 
The  Type  B  tube,  represented  in 
Fig.  2A  by  the  884  and  the  2C4(6- 
D4),  has  closer  spacing  and  the 
cathode  is  surrounded  by  the  anode 
structure  so  that  both  anode  and 
cathode  are  in  a  strong  magnetic 
field.  The  grid  is  a  solid  sheet  of 
metal  completely  surrounding  the 
cathode  except  for  a  small  slit  which 
defines  the  current  beam.  The  spec¬ 
trum  obtained  with  this  structure 
shows  a  maximum  in  the  vicinity 
of  one  me.  Type  C,  not  represented 
in  Fig.  2A,  is  similar  to  Type  B 
except  that  the  grid  is  an  open  wire 
structure.  With  this  t3rpe  tube 
(Dumont  6Q6G)  it  was  not  possi¬ 
ble  to  eliminate  the  oscillations  for 
any  orientation  of  the  magnetic 
field.  Similar  difficulties  with  the 
oscillations  were  found  with  the 
2050  and  2D21  gas  tetrodes. 

The  characteristics  of  the  vari¬ 
ous  types  of  tubes  studied  with 
transverse  magnetic  field  are  sum¬ 
marized  in  Table  11.  Representative 
values^ ’ai;e  given;  For  most  types 
thbr^  '  is*^  wide  Variation  between 


Hera's  a  Frsqusnqr  Oscillator  dstf  gnsd  and  snginesrsd  by  Times  Foo- 
simile  Corporation  with  laboratory  precision— rugged,  compact,  portable. 


Times  Focsimile  manufactures  oscillator  units  for  any  specified  fre* 
quency  between  60  and  4.000  cps. 


The  Oscillator  is  available  as  a  separate  unit,  or  complete  with  power 
supply  in  coUnet.  or  reloy  rack  mounted— price  range  $300— $500. 


Times  Focdmile  Corporation  is  one  of  the  world’s  leading  manufac 
hirers  of  facsimile  equipment.  .Write  todoy  for  catalogs  describing  fac¬ 
simile  equipment  and  components. 
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ELECTRON  ART  (continvMd) 

tubes.  Great  uniformity  was 
found  in  the  6D4  tube,  with  maxi¬ 
mum  deviations  between  tubes  of 
the  order  of  one  db  or  less. 


(Work  reported  in  this  paper  waa  done 
in  whole  or  in  part  under  Contract  No. 
OBMBr-411  between  the  President  and  Fel¬ 
lows  of  Harvard  CoUege  and  the  Offlce  of 
Rcientiflc  ReAearch  and  TTevelopntsat } 


Negative  Impedance 

A  THERMISTOR  is  made  to  develop 
an  impedance  having  a  negative  re- 
Isistance  and  an  inductive  reactance. 
A  shunt  containing  positive  resis¬ 
tance  and  capacitive  reactance  is 
proportioned  to  neutralize  the  in¬ 
ductance  of  the  thermistor,  leaving 
just  negative  resistance  at  the  op¬ 
erating  frequency.  Bias  for  the 
therQiistor  is  supplied  from  a  cir¬ 
cuit  having  a  battery,  variable  re¬ 
sistance  and  reactance,  the  react¬ 
ance  giving  the  bias  circuit  a  high 
impedance  so  that  it  does  not  load 
the  negative  impedance  portion  of 
the  circuit  appreciably  (U.  S.  Pa¬ 
tent  2,410,076  granted  October  29, 
1946  to  Kenneth  S.  Johnson,  as¬ 
signor  to  Bell  Telephone  Labs.). 


General  purpose  capacitors  adequately 
meet  the  requirements  of  small  AC ’DC 
sets.  Their  reliable  performance  and  long 
life  make  them  especially  desirable  in 
applications  where  other  types  of  more 
expensive  units  must  be  replaced.  In  ad¬ 
dition  Hl-Q  general  purpose  capacitors 
avoid  aging  and  comparable  reduced 
performance. 

We  shall  be  glad  to  submit  samples  for 
your  examination. 


Shielding  Filters  for 
Insertion  Loss  Measnrement 
By  Gbrshon  J.  Wheeler 

Radio  Engineer 
Boston,  Mass. 

Naval  Research  Lab.  Field  Station 

Measuring  insertion  loss  of  fil¬ 
ters  is  really  a  problem  in  shield¬ 
ing,  especially  at  high  frequencies. 
Radio-frequency  coupling  between 
units  of  the  measuring  equipment 
may  cause  incorrect  results  and 
lack  of  reproductibility,  which  can 
be  prevented  only  by  an  unbroken 
shield. 

The  method  of  shielding  devel¬ 
oped  at  Radiation  Laboratory,  MIT 
will  be  described,  but  first,  for  a 
better  understanding  of  the  prob¬ 
lem,  the  electrical  arrangement  will 
be  outlined.  A  typical  set-up  for 
making  insertion  loss  measure¬ 
ments  is  shown  in  Fig.  1.  Pad 
No.  1  terminates  the  generator  out¬ 
put  in  its  proper  impedance  and 
the  filter  input  in  twenty  ohms. 
Pad  No.  2  terminates  the  filter  out¬ 
put  in  twenty  ohms  and  isolates  the 
receiver.  (Twenty  ohms  on  each 


OTHER 


COMPONENTS 


WIRE 

WOUND 

RESISTORS 


FEED-THRU  & 
STAND-OFF 
CAPACITORS 


CHOKE 

COILS 


March,  1947  —  ELECTRONICS 


When  you  buy  or  specify  solder 

/oo/t*  /of  This  \€iiU0*^ herein  ti^hy 


Federated  Metals  is  first  with  a  complete  line  of  solders.  In  any  analysis,  for  any  purpose,  in 
every  commercial  or  special  shape,  Federated  should  he  your  first  call  when  you  have 
a  metal  joining  problem.  ►  Federated  is  first  in  the  non-ferrous  field  with  its  chemical  and 
metallurgical  facilities.  Vi  hen  you  buy  Federated  products,  you  have  access  to  all 
this  technical  help.  ►  Federated  is  first  with  its  nation-wide  network  of  11  manufacturing 
plants.  You  have  more  sources  of  supply,  more  opportunities  for  better  service,  all  with  the 
protection  of  Federated's  quality  control.  ^  Ft*derate<i  is  first  in  convenience, 
too;  there  are  25  Federated  sales  offices  to  serve  you  from  coast  to  coast.  For  the 
office  nearest  you,  consult  your  phone  hook  or  write  Federated  Metals  Division, 

American  Smelting  and  Refining  Company.  12()  Broadnax, 

Netc  York  5,  AVjc  York.  \  M 
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AMERICAN  SMELTING  AND  REFINING  COMPANY 
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UAKER  CITY  GEAR  WORKS,  INC 

1918  NORTH  FRONT  ST. 
PHILADELPHIA  22,  PENNA. 
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ELECTRON  ART  (continued) 

side  of  the  filter  is  an  arbitrary 
value  which  is  used  extensively.) 
Measurements  are  made  with  ^he 
filter  in  and  out  of  the  circuit,  ad¬ 
justing  the  attenuator  so  that  the 


RKCFIWD 

WITMOOTFUT 

METER 


filter 

UNDER  test 


FIG.  1 — Basic  msthod  oi  measuring  in¬ 
sertion  loss  of  filters  is  to  determine 
generator  output  necessary  to  give  same 
reading  of  output  meter  at  recehrer  with 
and  without  filter  in  circuit.  Unless  com¬ 
plete  shielding  is  used  results  ore  not 
relioble 

receiver  output  is  the  same  for  both 
conditions.  The  ratio  of  the  signal 
generator  output  voltages,  ex¬ 
pressed  in  decibels,  is  the  insertion 
loss  of  the  filter. 

Filter  Shielding 

The  filter  is  mounted  on  a  brass 
plate,  either  by  soldering  or  by 
mounting  lugs,  in  such  a  manner 
that  the  input  and  output  bushings 
are  on  opposite  sides  of  the  plate. 
This  plate  is  placed  in  a  copper  box 
which  it  divides  into  two  completely 
shielded  compartments  as  illus¬ 
trated  in  Fig.  2.  Good  electrical 
contact  between  the  plate  and  the 
box  itself  is  accomplished  by  means 


FIG.  2 — Filtar  is  mountsd  on  ploto  in^s 
shiold  box 

of  special  resilient  woven  metal 
gaskets  (manufactured  by  the 
Metal  Textile  Corporation).  Con¬ 
nections  to  the  filter  are  made  by 
clip  leads.  These  leads  are  clipped 
to  each  other  when  the  filter  is  out. 
The  resistance  pads  may  be  built 
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VIBRATION  CONTROL 

id  pcuit’  ojj  de^ujK 


and  constructional  features  can  be  selected  so  that 
the  inexpensive  standard  LORD  Mountings  may  be 
installed  easily  when  assembly  begins. 

It  is  also  during  this  stage  that  LORD  Field  Engi¬ 
neers  can  be  of  greatest  service  to  you.  By  using 
their  knowledge  and  experience  in  this  specialized 
field,  you  literally  place  a  trained  Vibration  Engi¬ 
neer  upon  your  staff  without  cost.  Just  drop  us  a 
line,  or  notify  our  nearest  Field  Office,  and  a  repre¬ 
sentative  will  call  upon  you.  There  is  no  obligation. 


Just  as  you  have  specialized  in  your  type  of 
product,  so  have  we  specialized  in  ours.  With 
LORD  Vibration  Control  Products  we  are  cooper¬ 
ating  with  manufacturers  to  perfect  smooth,  quiet 
operation  of  their  machines. 

The  best  place  to  apply  LORD  Vibration  Control 
to  your  product  is  on  the  drawing  board;  and  the 
best  time  is  when  your  designs  are  in  the  prelimi¬ 
nary  stage.  During  this  stage,  it  is  easy  to  select  the 
points  which  are  most  advantageous  for  mounting 
applications.  Space  allotments,  center-line  locations 


Rir  MANUFACTURlMGrCOMPANY,  ERIE,  PA 


NewYoHt^HY.  Burfeonk,  Crt. 

C««MHra  Railway  A  Rawar  laalaaariae  Cary.,  t»4.,  faraata,  Canada. 


'd 

or  true  to  life  recording  there  has  never  been 
anything  better  than  Presto  Green  Label  Discs, 


RECORDING  CORPORATION  •  242  WEST  .55TH  STREET  •  NEW  YORK  19,  N.  Y. 
Walter  P.  Downs,  Ltd.,  in  Canada 

World's  Largest  Manufacturer  of  Instantaneous  Sound  Recording  Equipment  A  Discs 
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Andrew  Co 
begins  its 
second 
decade  of 
service 
to  the 
industry 


•  Transmission  lines  for 
AM-FM-TV 


Directional  antenna 
eq  uipment 


•  Antenna  tuning  units 

•  Tower  lighting 
equipment 

•  Consulting  engineer^ 
ing  service 
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ELECTRON  ART  (coeMnusd) 

into  the  box  or  in  small  brass  tubes 
which  fasten  to  the  connectors  out¬ 
side  the  box.  Concentric  cables  are 
used  between  components  in  the  cir¬ 
cuit.  These  cables  are  terminated 
in  connectors  having  good  shield 
conductivity,  such  as  type  N  con¬ 
nectors. 

The  box  may  be  used  with  any 
standard  signal  generator  and  any 
standard  receiver  covering  the  fre¬ 
quency  range  desired.  Sensitivity 
of  the  system  is  limited  only  by  the 
resistance  pads  and  the  sensitivity 
of  the  receiver  used.  The  box  it¬ 
self  presents  no  further  limit  on 
the  over-all  sensitivity. 

The  shielding  has  been  found  ef- 


FUt*r  to  bo  moosured  U  placed  inside 
metal  shield  can 

fective  at  all  frequencies  measured 
(up  to  400  me).  No  trace  of  leak¬ 
age  could  be  detected  at  any  fre¬ 
quency  with  an  electromagnetic 
probe.  Consequently,  the  system 
can  be  left  ungrounded.  Measure¬ 
ments  made  with  and  without  a 
ground  connection  checked  over  the 
whole  frequency  range. 

The  box  is  especially  useful  when 
many  filters  are  to  be  measured. 
Each  filter  is  mounted  on  its  own 
brass  plate.  One  reading  is  ob¬ 
tained  with  no  filter  in  the  circuit 
and  then  one  with  each  filter  in  the 
circuit.  The  reading  with  each 
filter  is  then  compared  to  the  read¬ 
ing  with  no  filter.  The  technique  is 
accepted  as  standard  by  the  Joint 
Army-Navy  Committee  on  Radio 
Noise  Filters. 
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Noise  Suppression  Circuit 

By  balancing  noise  voltages  in  the 
output  circuit  of  a  diode  demodu¬ 
lator  against  each  other,  ampli- 
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The  detection  of  radiant  heat  is  a  vital  factor  in  many  thermal  con¬ 
trol  systems.  The  Fenwal  THERMOSWITCH  Control  presents  a  large 
sensitive  to  radiant  heat  energy  ...  its  temperature  sensitive  outer 
shell  responds  rapidly  to  changes  in  radiant  heat.  The  THERMOSWITCH 
Control  is  the  i^eal  temperature  detecting  unit  for  such  applications  as 
the  control  of  temperatures  in  ovens,  incubators,  driers,  ...  in  fact, 
wherever  radiant  heat  is  a  factor  in  "the  process.  In  many  instances  the 
overall  efhclency  of  a  product  or  process  may  be  increased  by  utilizing 
this  high  radiant  heat  sensitivity  of  the  Fenwal  THER- 
MOSWITCH  Control  and  controlling  temperatures  with¬ 
out  physical  contact  between  the  •  thermostat  and  func- 
tional  parts.  '  ^ 

Chart  shows  the  time  required  for  the  Fenwal  THER- 
^  ^  MOSWITCH  Control  and  two  other  thermostats  to  break 

-  I  contact  following  sudden  exposure  to  a  source  of  radiant 

1 -  w  heat,  when  adjusted  approximately  10°  F.  above  the  am- 

_  I  bient  temperature.  Note  the  fast  response  of  the  Fenwal 

j _  I  unit. 

High' radiant  heat  sensitivity  is  but  one  of  the  outstand- 
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#12  of  the  "Fourteen  Facts 


in  Fenwal's  Favor' 


FENWAL  INCORPORATED 


Thermotechnics  for  Complete  Temperature  Regulation 
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Second  anode  of  detector  diode  ia  used  to 
develop  noise  suppression  voltage 


tude  noises  are  suppressed.  In  the 
circuit  shown  in  the  accompanying 
diagram,  R  and  /?,  are  identical 
(0.1  meg)  and  is  very  large  (10 
meg).  The  voltages  across  R  and 
Ri  are  of  opposite  polarity  to 
ground.  In  the  absence  of  noise,  the 
a-c  and  d-c  voltages  across  R^  are 
negligible  compared  with  those 
across  Rt,  and  the  voltages  across 
R  ajre  approximately  equal  to  the 
sum  of  those  across  Ri  and  R,  so 
that  nearly  the  full  signal  voltage 
developed  by  diode  D  appears  at 
the  output.  A  noise  impulse  is 
shorted  by  the  very  large  capacitor 
shunting  R^  but  appears  across  i2, 
where  it  nullifies  the  equal  but  op¬ 
posite  noise  impulse  appearing 
across  R.  (Recent  Inventions, 
less  World,  p  384  December  1946). 


Convenient  remote  control  means  grouping  control  dials 
at  a  point  where  they  are  easy  to  operate  and  read. 
Getting  such  a  grouping*  is  ordinarily  a  problem  because 
the  positions  of  the  variable  elements  are  fixed  by  space, 
circuit,  or  wiring  requirements. 


Experimental  UHF 
Equipment 

Transmitters  and  receivers  oper¬ 
ating  on  303  and  332  me  (about  100 
and  90  cm)  and  having  novel  cir¬ 
cuits  are  being  used  as  an  experi¬ 
mental  radio-telephone  link  between 
two  plants  of  N.  V.  Philips  in  Hol¬ 
land.  The  link  carries  48  3-kc  wide 
telephone  channels  spaced,  by  sin¬ 
gle-  sideband  modulation  of  subcar¬ 
riers,  between  12  and  204  kc,  which 
frequency  modulate  the  r-f  carrier. 
The  transmitter  consists  of  a  re¬ 
actance-tube  push-pull  modulator,  a 
feedback  stabilized  oscillator,  fre¬ 
quency  multipliers,  and  power  am¬ 
plifiers.  The  receiver  is  a  super¬ 
heterodyne  with  a  push-pull  triode 
converter,  intermediate  amplifiers, 
limiters,  discriminator,  and  audio 
amplifiers.  Although  most  of  these 
circuits  are  engineered  from  con¬ 
ventional  designs,  ths  coupling  net¬ 
work  in  the  transmitter  power  am¬ 
plifier  and  the  triode  frequency  con¬ 
verter  in  the  receiver  are  unusual. 

Because  of  the  importance  at 
high  frequencies  of  interelectrode 


REMOTE  CONTROL 
FLEXIBLE  SHAFTS 


give  you  a  simple,  100%  satisfactory  solution  to  this 
problem.  Use  tnem  to  couple  the  variable  elements  to 
their  control  dials.  Then  you  can  locate  the  dials  anywhere 
you  want  them.  What's  more,  these  shafts — expreray  en¬ 
gineered  for  remote  control — work  as  easHy  and  as 
smoothly  as  a  direct  connection.  With  proper  application, 
they  will  give  you  any  required  degree  of  sensitivity  in 
control. 


It  giv^vs  compiatv  facts  and  technical  data  about 
flexible  shafts  and  their  application.  A  copy  is 
yottrs  free  if  you  will  request  it  on  your  business 
letterhead  and  state  your  position. 


sjwHire 
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HAVE  YOU  RECEIVED  YOUR  FREE  COPY?. 


A  booklet  of  information  on  the  ELECTRONICS  Buyegrr  Guide  is  now  avail¬ 
able.  It  contains  facts  about  the  value  and  use  of  the  “t^uide”.  . .  gives  reasons 
why  the  “Guide”  is  a  “must”  medium  in  electro^  and  allied  fields. 

MANUFACTURERS:  This  booklet  shows  .  .  .  tl^  unique  value  of  the  “Guide” 
in  selling  both  name  and  product ...  the  type  of  information  your  advertising 
should  supply  .  .  .  why  the  men  who  desjgn-in,  specify,  and  buy  in  electronic 
fields  use  the  “Guide”  as  their  year  xound  reference  book. 

ADVERTISING  AGENCIES:  This  bocddet  provides  basic  facts  on  how  the  “Guide” 
influences  all  the  buying  facton^n  electronic  fields.  It  includes  the  results  of 
a  survey  among  ELECTRONICS’  subscribers  revealing  their  appraisal  of  the 
“Guide”  as  a  source  of  buuibg  information,  their  evaluation  of  the  advertising 
content,  and  their  needs  In  catalog  type  presentations.  Be  sure  to  send  now  for 
this  free  booklet  of  iaCormation  on  the  facts,  value,  use,  mechanical  require¬ 
ments,  rates,  etc.,  <rf'the  .  . . 

'electronics 

BUYERS’  GUIDE  ISSUE  f 

Ate  •  A  Bonus  Issuo  To  All  Subscribors,  •  AtP  J 
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ELECTRON  ART  (continMd) 

capacitances  and  lead  inductances, 
conventional  coupling  is  ineffective. 
Furthermore,  in  laying  out  the 
transmitter  and  receiver  it  was  de¬ 
sirable  to  use  several  chassis,  di¬ 
viding  the  circuit  between  stages. 
To  provide^  a  h-f  coupling  that 
would  permit  wide  separation  of 
stages,  a  new  coupling  network  was 
developed. 

Ordinarily  the  anode  of  one  am¬ 
plifier  is  connected  directly,  so  far 
as  r-f  is  concerned,  to  the  grid  of 
the  following  tube;  between  the 
connecting  point  and  ground  a  high 
impedance,  u.sually  a  resonant  cir¬ 
cuit,  is  connected.  Inductance  of 
tube  leads  makes  direct  r-f  connec¬ 
tion  impossible  at  high  frequencies, 
and  interelectrode  capacitances  re¬ 
duce  the  maximum  obtainable  high 
impedance  to  ground.  However,  if 
the  coupling  is  formed  by  the  inter¬ 
electrode  capacitances  Ca  and  C,,, 
and  the  lead  inductances  La  and  L,,. 
augmented  by  an  external  series  in¬ 
ductance  L,  as  shown  in  Fig.  lA,  a 
tuned  circuit  will  be  formed. 


TYPE 

STANDARD  SIGNAL  GENERATOR 


10  WATTS  MAXIMUM  R-F  OUTPUT -LOW 
'  IMPEDANCE. 


OUTPUT  T,  !  input  Tt 


160  DB  RANGE  OF  ATTENUATION  - 15.0 
VOLTS  TO  0.10  UV. 


CURRENT  OUTPUT  UP  TO  1.0  AMPERES. 


MASTER  OSCILLATOR -TUNED  POWER  AM 
PLIFIER  CIRCUIT. 


FIG.  1— UHF  ampliiier  coupling  network 
utilises  stray  reactances 

Furthermore,  this  tuned  circuit  will 
have  two  points  at  r-f  ground  po¬ 
tential  ;  one  between  the  two  capac¬ 
itors,  the  other  on  the  tripart  in¬ 
ductance,  just  where  being  deter¬ 
mined  by  the  magnitudes  of  the  two 
shunt  capacitances,  as  shown  in 
Fig.  IB.  With  the  capacitances  and 
inductances  proportioned  so  that 
the  neutral  point  is  on  the  external 
inductance,  the  circuit  can  be 
broken  and  a  lengthy  connection  in¬ 
serted.  As  the  connection  is  at  r-f 
ground,  it  need  not  be  shielded  and 


8  BAND  SPREAD  TUNING  RANGES -85  Kc 
TO  40.0  Me. 


DIAL  CALIBRATED  AT  INTERVALS  OF  1%  IN 
FREQUENCY. 


LEAKAGE  FIELDS  LESS  THAN  .1  UV  METER 


THE  ROLLIN  COMPANY 

2070  N.  FAIR  OAKS  AVI.  »  PASADINA  3,  CALIF. 
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The  DCO  (Drift  Cancelled  Oscillator)  circuit,  an  ex¬ 
clusive  Collins  development,  is  a  new  frequency  control 
method  that  meets  the  needs  of  modem  communication 
problems.  Basically  it  provides  the  multiplicity  of 
channels  and  the  freedom  from  the  spurious  responses 
inherent  in  Master  Oscillator  operation,  but  with  the 
stability  of  a  single  crystal. 

The  Collins  51M-2  VHF  ground  station  receiver  is 
the  first  of  a  series  of  Collins  products  employing  the 
DCO  principle.  The  diagram  shown  above  illustrates 
the  51M-2  circuit.  Injection  voltage  for  the  first  mixer 
is  supplied  by  the  M.O.  operating  at  the  injection  fre¬ 
quency.  There  are  no  unwanted  harmonics  as  there 
would  be  if  a  low  frequency  crystal  were  used  to  gener¬ 
ate  the  injection  voltage.  The  M.O.  also  provides  the 
injection  voltage  for  Mixer  2,  where  it  combines  with 
the  output  of  the  crystal  oscillator  and  produces  IF2. 
Mixer  3  combines  IFi  and  IF2  to  obtain  IFs.  Both  IFi 
and  IFt  reflect  in  the  same  sense  any  M.O.  instability, 
hence  the  M.O.  drift  is  cancelled  out.  The  stability  of 
the  receiver  is  determined  only  by  the  0.005%  accuracy 


of  the  crystal. 

Use  of  the  DCO  principle  in  the  51M-2  results  in 
spurious  responses  100  db  below  that  of  the  desired 
signal  and  permits  operation  of  several  receivers  from  a 
single  antenna: 

51M-2  SPECIFICATIONS: 

Application:  single  channel  ground  station  reception. 

Freq.  range:  118-136  me. 

Sensitivity:  1  microvolt  r-f  input  30%  modulated 
for  a  6  db  signal  to  noise  ratio. 

Stability:  0.005%. 

Spurious  response:  down  100  db. 

Avc:  output  constant  within  3.0  db  with  input  range 
of  1  microvolt  to  1  volt. 

Other  features:  audio  squelch,  noise  limiter,  remote 
control. 

Let  us  send  you  an  illustrated  bulletin  giving  detailed 
specifications  of  this  new  receiver.  _ 


COLLINS  RADIO  COMPANY,  Cedar  Rapids,  Iowa 

1 1  West  47n4  Street,  New  Terk  It,  N.  T.  4St  Sewth  Spring  Street,  Lm  Angeles  13,  CeHternln 
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therefore  will  not  introduce  much 
additional  shunt  capacitance.  If 
the  midpoint  does  not  fall  on  the 
external  inductance,  or  if  no  ex¬ 
ternal  inductance  is  used,  the  cir¬ 
cuit  provides  coupling,  but  cannot 
be  broken.  The  circuit  makes  effec¬ 
tive  use  of  the  unavoidable  etray 
reactances  within  the  tube.  The 
network  is  used  in  both  transmitter 
and  receiver  where  it  is  necessary 
to  break  the  mechanical  continuity. 
A  practical  adaptation  is  shown  in 
Fig.  1C. 

Triode  Converter 


At  the  receiver  the  signal  is 
passed  directly  to  the  mixer.  An 
r-f  amplifier  is  usually  desirable  to 
preserve  the  signal-to-noise  ratio, 
but  the  mixer  circuit  that  was  de¬ 
veloped  has  such  low  noise  that  pre- 
amplification  was  not  needed.  Im¬ 
age  interference  was  avoided  by 
choice  of  the  operating  frequencies. 
Omission  of  the  r-f  pre-amplifier 
greatly  simplifies  the  uhf  end  of 
the  receiver. 

Multigrid  mixers  fail  at  high  fre¬ 
quencies  because  lead  inductances 
to  the  shield  grids  prevents  them 
from  remaining  at  a-c  ground. 
Diode  mixers  are  undesirable  be¬ 
cause  of  their  low  conversion  gain. 
For  these  reasons  triodes  were  con¬ 
sidered  for  the  mixer. 

Frequency  conversion  in  a  triode, 
as  in  any  converter,  involves  three 
principle  voltages :  the  signal  input 
voltage,  the  heterodyning  voltage 
(both  of  which  are  applied  between 
grid  and  cathode) ,  and  the  interme¬ 
diate  voltage  (which  appears  in  the 
plate  circuit  along  with  other  non- 
essential  voltages).  If  a  push-pull 
connection  of  two  triodes  is  used 
for  the  converter,  two  of  these  three 
voltages  must  appear  in  the  circuit 
in  push-pull,  and  the  third  must  be 
in  the  same  phase  in  both  tubes. 

A  symmetrical  dipole  and  bal- 
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. .  .  that's  why  Webster  Electric  Tone  Arms  and  Cartridges 
are  widely  used  on  popular  priced  phono-combinations  and 
record  changers. 

The  Webster  Electric  crystal  cartridge  is  a  uniform  producer 
of  true  tone  quality.  In  addition  to  faithful  reproduction,  they 
are  dependable  and  have  long  life.  Their  past  record  of  per¬ 
formance  insures  their  future  dependable  service. 

The  Webster  Electric  cartridge  has  balanced  construction  that 
produces  maximum  output  at  designated  tracking  pressures — 
with  minimum  distortion  and  minimum  mechanical  reproduc¬ 
tion.  There  are  models  designed  for  sharp  cut-off  at  higher 
frequencies,  while  others  provide  response  over  an  exceptionally 
wide  frequency  range  through  use  of  an  extremely  lightweight 
moving  mass — a  Webster  Electric  development.  Sharp  reso¬ 
nance  peaks  are  avoided  and  efficient  performance  obtained. 

Write  Webster  Electric  Company,  Racine,  Wisconsin,  for  full 
information  and  complete  listing  of  tone  arms  and  cartridges 
that  are  now  available. 


(Lktnsed  under  pctenU  of  the  Urusk  Development  Company) 


FIG.  2 — Triod«  mixer  has  balanced  Input 
and  output  and  a  lymmatriccd.  mU  sus¬ 
taining  hatarodyning  loop 


ELECTRON  ART  (conHniMd) 

anced  line  is  used  for  the  input,  so 
it  is  most  convenient  to  apply  the 
uhf  signal  in  balance  to  the  con¬ 
verter.  The  local  oscillator  voltage 
is  then  applied  in  equal  phase  to 
both  tubes.  Then  the  intermediate- 
frequency  output  appears  in  push- 
pull  in  the  anode  circuit.  Tlieie  are 
thus  two  loops;  a  balanced  (push- 
pull)  one,  and  an  asymmetrical  one 
arranged  as  in  Fig.  2. 

With  the  asymmetrical  circuit, 
which  is  not  usually  tuned  to  the 
local  oscillator,  it  is  difficult  to 
couple  power  from  the  oscillator. 
An  additional  series  tuning  ele¬ 
ment  can  be  added  to  resonate  the 


For  top  performance 
at  any  frequency! 

ENGINEERING— It  is  a  simple  matter  for  National  Moldite 
engineers  to  fit  the  right  core  to  your  particular  coil  for  the 
best  results.  Thoroughly  familiar  with  every  iron  core  appli¬ 
cation,  these  technicians  will  be  glad  to  assist  you  in  deter¬ 
mining  which  of  these  components  meets  requirements. 

SAMPLES— National  Moldite  sample  iron  cores  will  be  sub¬ 
mitted  for  design,  test  and  pre-production  purposes  upon  re¬ 
ceipt  of  your  request.  When  ordering,  use  Moldite  material 
grade  designations  to  insure  prompt  and  exact  duplication  of 
the  required  cores.  Specify  “MOLDITE”  for  “QUALITY”. 


Triode  mixer  hoa  low  noise 

impedance  into  which  the  oscillator 
operates.  This  oscillator  tuning  ele¬ 
ment  is  added  in  a  part  of  the  cir¬ 
cuit  through  which  balanced  cur¬ 
rents  do  not  flow.  Furthermore, 
because  the  asymmetrical  grid  cir¬ 
cuit  presents  a  low  impedance  to 
the  oscillator  making  it  difficult  to 
develop  a  large  local  signal  on  the 
mixer  grids,  the  input  impedance 
of  the  mixer  grids  can  be  increased 
at  the  oscillator  frequency  by  mak¬ 
ing  the  asymmetrical  anode  load 
slightly  inductive.  If  the  plate  cir¬ 
cuit  inductance  is  properly  propor¬ 
tioned,  the  loop  itself  oscillates.  A 


NATIONAL  MOLDITE  COMPANY 
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IMPORTANT 

INFORMATION 


Contents  of  this  descriptive  manual 
include:  Fundamental  Properties  of 
Vacuum  Tubes;  Characteristic 
Curves;  General  Tube  and  Circuit 
Information;  Resistance  Coupled 
Amplifier  Data — and  many  more  — 
all  of  great  interest  to  circuit  design¬ 
ers  and  equipment  manufacturers. 


Available  from  your  Sylvania  Tube  Distributor  or  directly  from  Radio  Tube  Division,  Emporium,  Pa. 


The  bigger,  better -than -ever  new 
Sylvania  Technical  Manual  is  avail¬ 
able  now. 


The  large  number  of  tube  types 
listed  (old  and  new)  — over  450 — has 
been  made  available  as  a  result  of 
extensive  and  careful  study  of  radio 
tube  characteristics  and  appl  icat  ions. 


AVAILABLE 

NOW 


We  urge  you  to  get  a  copy  right 
away — because  we  know  you’ll  find 
this  volume  chock-full  of  invalu¬ 


able  information. 


NEW  SYLVANIA  TECHNICAL  MANUAL  AVAILABLE  NOW- 
FULL  OF  ESSENTIAL  RAOlO  JUBE  DATA 

Handy  Volume  Describes  Oyer  450  Tubes— 
Contains  Valuable  Information  for  Circuit  Designers 
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SYLVANIA  NEWS 

Circuit  Engineering  Edition 


MAR.  Prepared  by  SYLVANIA  ELECTRIC  PRODUCTS  INC.,  Emporium,  Pa.  1947 
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separate  local  oscillator  is  then  not 
needed,  which  eliminates  the  noise 
introduced  by  a  separate  tube.  As 
far  as  the  conversion  action  of  the 
push-pull  triodes  is  concerned,  it 
makes  no  difference  how  the  heter¬ 
odyning  potential  is  generated  be¬ 
tween  grids  and  cathodes;  mixing 
being  determined  solely  by  the  mag¬ 
nitude  of  this  potential  and  the  non¬ 
linearity  of  the  transfer  character¬ 
istic. 

Just  as  back  coupling  was  intro¬ 
duced  in  the  asymmetrical  loop  by 
placing  inductance  in  the  anode  cir¬ 
cuit  that  would  be  reflected  into  the 
grid  circuit  through  the  grid-anode 
capacitance  as  a  negative  imped¬ 
ance,  so  back  coupling  can  be  used 
in  the  balanced  circuit  to  increase 
the  input  impedance  of  the  triodes 
to  the  uhf  signal,  thereby  decreas¬ 
ing  the  loading  on  the  input  cir¬ 
cuit  and  making  it  possible  to  de¬ 
velop  a  large  input  potential. 

Were  the  push-pull  mixer  per¬ 
fectly  balanced,  there  would  be  no 
interaction  between  balanced  and 
asymmetrical  loops.  However,  in 
a  practical  circuit  there  will  be 
some  unbalance  and  hence  interac¬ 
tion.  Thus  the  two  circuits  can¬ 
not  lie  close  in  frequency.  This 
consideration  determines  the  inter¬ 
mediate  frequency.  Too  low  an  i-f 
would  place  the  two  circuits  close 
together  in  frequency.  To  render 
the  coupling  harmless  the  hetero¬ 
dyning  frequency  should  be  at  least 
one  twentieth  the  incoming*  signal 
frequency  (Philips  Technical  Re¬ 
view,  p  121  April  1946;  p  194  July 
1946,  the  first  being  a  description 
of  the  transmitter,  the  second  Gov¬ 
erning  the  receiver). 


A  low-cost,  low-powered  induction  soldering  unit,  designed  lor  use  wherever 
production  soldering  of  smcdl  metal  parts  and  assemblies  is  port  of  the  job. 
It  increases  the  qutdity  of  soldering  operations  .  .  .  minimizes  time  and  ex¬ 
pense  involved  .  .  .  requires  no  experienced  help  .  .  .  and  con  effect  major 
production  ecoObmies  in  such  diverse  Helds  os  ra^o,  electronics,  jewelry,  elec¬ 
trical  fixtures,  toys,  kitchenware,  motors,  point  brush  ferrules,  can  sealing,  etc. 


C0MPACT...ADAFTABLi..JFfiaiNT...iC0N0MICAL...5Afi 


#  It  increases  -the  speed  oi  soldering  op¬ 
erations  —  and  provides  a  result  often 
impossible  with. other  methods. 

0  Produces  cleaner  work  and  eliminates 
many  cleaning  operotioits. 

0  Ideal  for  use  with  belt-line  or  turntable 
types  of  automatic  feed. 

0  Inexperienced  operators  can  produce 
uniform  results  with  greater  safety  to 
the  operator  than  is  afforded  by  any 
other  means. 


0  It  is  cheaper  to  operate  than  a  solder 
pot,  consuming  only  775  watts  at  full 
load  and  only  100  watts  on  standby. 
Power  is  drawn  only  when  soldering  is 
taking  place. 

0  No  moving  parts  to  wear  out.  Tube  re¬ 
placement  costs  low.  All  components  are 
designed  with  generous  safety  factor. 

0  The  heater  offers  less  hazard  than  a  sol¬ 
dering  iron,  and  yet  does  a  neater, 
cleaner,  foster  job  .  .  .  without  danger 
oi  sparking  or  rodio  frequency  bums. 


^4I4.UU  F.O.B.  Manchester,  N.  H. 
fFeot  TnadU  ixtra) 

Each  unit  is  accompanied  by  a  manuqj  which  covers 
not  only  operating  and  service  information,  but  also 
the  design  oi  the  work  coils  for  fundamental  shapes 
such  as  square,  rectongular,  round  and  ovol. 

SPECIFICATIONS 

Power  Supply:  115  volts,  60  cycle  •  Sise:  15%'*  xSlVz” 
X  15“  •  MounliBg:  Standard  relay  rack  cabinet 
Weight:  150  pounds  •  Power  Consumption:  775  watts 
at  full  power  output,  100  watts  standby. 

The  entire  unit  is  rigidly  assembled  and  mounted  to 
prevent  arc-over  and  failure  of  components. 


Self  Balancing  Phase 
Inverter 

V.  8.  Patent  No.  t,S8S,846,  Oranted  Amo. 
tS,  19iS 

To  James  Brccx  Crawlbt 
Radio  Corp.  of  America 

Unbalance  between  output  volt¬ 
ages  of  phase  inverter  circuit  used 
to  convert  a  single-ended  circuit  to 
push-pull  is  corrected  by  feedback 
into  auxiliary  control  grids.  The 
circuit,  shown  in  Fig.  1,  is  for  the 
most  part  a  conventional  two-tube 
phase  inverter.  Tube  7,  first  ampli¬ 
fies  the  signal.  A  portion  of  the 
output  of  7„  preferably  equal  in 
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EYELET 

HOLE 


Since  Eject -O-Matic  was  introduced  a 
little  more  than  a  year  ago,  it  has 
met  rigid  production  tests  in  industrial 
plants  from  coast  to  coast.  Today  it  is 
acclaimed  by  plants  using  this  modern 
soldering  tool  as  ''the  greatest  advance 
in  soldering  methods  in  more  than  a 
quarter  of  a  century".  Eject -O-Matic 
has  these  exclusive  advantages: 


LOADING 

CHAMBBI 


COOLING  FINS 


MICROMETER 


SAFETY  BASE 


TRIGGER  OPERATED,  AUTOMATIC -FEED— 

0  touch  of  the  trigger  dispenses  the  solder.  ^ 

MICROMETER  CONTROL  — measures  the  MM 
amount  of  solder  ejected.  V||m 

AUTOMATIC  RETRACTOR  -  prevents  melt¬ 
ing  of  excess  solder  on  tip. 

400-HOUR  TIP,  MULTI-CLAD-non-corrod- 
ing,  never  needs  filing  or  tinning. 

COOLING  FINS— keep  tip  at  proper  working  tem¬ 
perature— no  thermostat  required. 

LOADING  CHAMBER— easily  accessible,  holds  4  oz. 
reel  of  solder. 


WEIGHS  ONLY  18  OZS, 


Write  for  descriptive  literature  or,  if  you  \ 
be  glad  to  arrange  for  a  demonstration 

Avoiloble  in  50,  75,  ‘100  and 

150  watt  models.  Tips  in  6  dif-  - 

ferent  sizes  and  shapes. 

Individually  packed.  Shipping 
weight  per  carton  of  12  units, 
approximately  35  lbs. 


EYELET  HOLE— permits  automatic  feeding  of  solder 
from  large  rolls  mounted  on,  or  under,  bench. 

MOLDED  HANDLE— made  of  heat-resistant  plastic. 

SAFETY-UTILITY  BASE  —  provides  resting  place  for 
Idle  or  cooling  iron.  .  . 


MULTI-PRODUCTS  TOOL  COMPANY,  123  SUSSEX  AVENUE,  NEWARK  4,  NEW  JERSEY 
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U JjJj ...  WHY 

HAYDON  TIMERS 
ARE  BETTER! 


FIG.  1 — Duplex  feedback  preeerres  bal 
once  of  inrerter 


magmtude  to  the  input  to  that  tube, 
is  obtained  from  potential  divider 
Rt  —  and  fed  to  the  grid  of  V*. 
Because  of  the  reversal  of  phase 
introduced  by  V,,  the  input  to  V,, 
and  hence  its  output,  is  the  reverse 
of  that  of  V,,  and  thus  the  output 
of  the  circuit  is  balanced  about 
ground. 

However,  as  seen  from  the  cir¬ 
cuit,  the  suppressor  grids  of  the 
two  pentodes  used  in  this  inverter 
are  not  connected  in  the  usual  man¬ 
ner.  Resistor  R^  is  common  to  the 
plate  circuits  of  both  tubes.  The 
suppressor  grids  of  the  two  tubes 
are  connected  to  each  other  and 
also,  through  d-c  blocking  capacitor 
C»,  to  the  high  side  of  R.>  Any  un¬ 
balanced  voltage  in  the  common  por¬ 
tion  of  the  plate  circuit  of  the  in¬ 
verter  will  thus  appear  across  the 
suppressor  grids  of  the  two  tubes. 
In  particular,  that  unbalanced  volt¬ 
age  so  fed  back  will  be  of  such  po¬ 
larity  as  to  cause  degeneration  in 
the  tube  producing  the  larger  signal 
output  and  regeneration  in  the  tube 
producing  the  smaller  signal  out¬ 
put.  From  this  feedback  action  the 
inverter  balances  itself. 


This  cross  section  of  a  Hoydon  timer  illustrates  a  few  of  the  many  patented 
features  that  have  made  them  the  most  accurate  and  efficient  in  the  field. 


1  Shading  coil  construction  gives  high  starting 
torque,  v 

2  Field  structure  gives  balanced  torque  char¬ 
acteristics. 

3  Projection-welded  core  produces  better  mag¬ 
netic  field  and  rugged  construction. 

4  Uniform  reluctance  ring  rotor  for  uniform 
torque  characteristics,  rigidly  held  by  spun- 
over  support. 

5  Lubricant  carried  by  capillary  attraction  to 
each  gear  assembly;  irrespective  of  mount¬ 
ing  position  of  unit. 

^  Coil  sealed  against  moisture,  tested  for 
L  2000  VAC  breakdown. 

\  7  Projection-welded  field  assures 

accurate  air  gap  and 
rugged  construction. 


TIMING  ENGINEERING  SERVICE 


Output  of  a  high-frequency  os¬ 
cillator  is  used  to  test  the  conduc¬ 
tance  between  elements  of  vacuum 
tubes.  A  cathode-ray  indicator  tube 
gives  an  indication  of  the  loading 
presented  to  the  oscillator  by  the 
tube  under  test.  (2,380,095,  Tube 
Testing  Device,  Walton  De  Verter, 
July  10,  1945). 


Write  for  the  new  HAYDON 
catalog  for  details  of  this 
ond  other  HAYDON  timers. 


Of  GENERAL  TIME  INSTRUMENTS  ^ 
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HOW  THE  G-E 
.MYCALEX  .SERVICES 
CAN  BENEFIT  YOU  NOW 

You  may  order  fabrication  of  sample 
G-E  mycalex  parts  at  surprisingly  low 
cost.  Test  them  yourself  in  your  own 
equipment.  Then,  if  you  decide  to 
specify  G-E  mycalex,  your  design 
can  be  converted  to  a  molding  proc¬ 
ess  which  permits  speedy  and  eco¬ 
nomical  production  runs. 


GENERAL  ELECTRIC 
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Steel  fails  before  G-E  MYCALEX 


G  Tensile  tests  prove  that  the  heavy 
steel  inserts  in  this  brush  holder  stud 
tear  before  the  collar  of  General  Elec¬ 
tric  mycalex  gives  way.  That’s  a  dis¬ 
tinct  advantage  in  heavy-duty  motors 
and  generators.  And  this  brush  holder 
stud  is  molded  in  a  single  operation, 
with  adequate  insulation  separating 
the  metal  studs. 

Why  not  plan  to  improve  the  effi¬ 
ciency  of  your  product — give  it  an 
important  margin  of  safetv  with 


General  Electric  mycale.x?  It  is  a  stone- 
hard  material,  compounded  of  special 
glass  and  powdered  mica,  .\vailable  in 
standard  sheets  and  rods  or  in  fabri¬ 
cated,  compression-  or  injection-molded 
parts.  Send  for  “G-E  Mycalex”  — a 
new  bulletin  that  tells  the  whole  storv 
of  this  unique  insulating  material. 
Write  to  Plastics  Division,  S-18, 
Chemical  Department, General  Electric 
Company,  1  Plastics  .Avenue.  Pittsfield, 
Massachusetts. 


FABEICATING  SfEVICI 


Get  This  Unique  Combination 
of  Properties  with  G-E  Mycalex 


1.  High  dielectric  strength 

2.  Low  power  factor 

3.  Prolonged  resistance  to  electrical 
arcs 

4.  Chemical  stability— no  deterioration 
with  age 

5.  Dimensional  stability— freedom 
from  worpage  and  shrinkage 

6.  Impervious  to  water,  oil,  and  gas 

7.  Resistance  to  sudden  temperature 
changes 

S.  Low  coefficient  of  thermal  expan¬ 
sion 

9.  High  heat  resistance 

Samples  Supplied  on  Request 
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Years  ago  Alexander  Graham  Bell  dreamed  of 

O 

“a  machine  that  should  render  visible  to  the 
eyes  of  the  deaf,  the  vibrations  of  the  air  that 
affect  our  ears  as  sound.”  1  le  never  realized 
that  dream,  but  his  researches  led  to  the  inven¬ 
tion  of  the  telephone. 

T(xlay  Bell  Telephone  Laboratories  have 
turned  the  dream  into  a  fact  —  translating  the 
spokeri  word  into  readable  pictures. 

*  By  this  new  invention  of  the  Laboratories, 
the  talker  speaks  into  a  microphone.  Vibra¬ 
tions  of  the  voice  are  unraveled  through  elec¬ 
tronic  tircuits,  and  then  are  rea^mbled,as 
luminous  patterns  which  travel  acqjss  a  Jcr^n. 
Each  syllable  of  sound  has  a  distinctive  shape 
and  intensity. 


Science  unravels  speech 


Visible  speech  is  still  in  its  infancy,  and  is 
not  yet  available  to  the  public.  But  educators 
of  the  deaf  are  now  evaluating  it.  Indications 
are  that  the  deaf  can  learn  to  read  the  patterns 
and,  by  comparing  the  patterns  their  own 
\  (Mces  make  with  the  patterns  of  correct  speech, 
can  improve  their  diction. 

Patterns  of  .visible  speech  also  provide  a 
means  for  analyzing  and  recording  sound  in 
the  study  of  phonetics  and  of  languages.  Even¬ 
tually,  visible  speech  may  make  possible  visual 
telephony  for  the  deaf. 

This  is  but  one  of  many  contributions  by 
Bell  Telephone  Laboratories  to  the  understand¬ 
ing  and  control  of  sound.  ■ 


BELL  TELEPHONE  LABORATORfCS  exploring  and" inventinI:;,  devising  ani> 

PERFECTING  FOR  CONTINUED  IMPROVEMENTS  AND  ECONOMIES'IN  TELEPHONE  SERVICE 


in 


A  SUBE  SIGN  or 


SOLDEB  SECUBITT 


NEW  PRODUCTS 

(centinuad  from  p  152) 


Shield  Can  Fastener  (20) 

I  The  Palnut  Co.,  77  Cordier  St., 
!  Irvington,  N.  J.  The  Palnut  shield 
can  fastener  snaps  quickly  into 
chassis  holes  and  automatically 
!  locks.  It  will  not  let  go  until  delib- 


ment,  obtaining  antenna  data  or 
measuring  standing-wave  ratios, 
and  reading  single-stage  or  conver¬ 
sion  gain,  signal-to-noise  ratios,  cir¬ 
cuit  Q,  or  transmission  line  charac¬ 
teristics.  The  unit  will  supply  ac¬ 
curately  known’  voltages  ranging 
from  0.1  microvolt  to  0.1  volt.  The 
r-f  output  may  be  continuous,  am¬ 
plitude-modulated,  pulsed,  or 
square-wave  modulated.  Pulse 
length  can  be  readily  controlled  be¬ 
tween  2  and  50  microseconds,  and 
pulse  rate  is  variable  from  60  to 
3,000  times  per  second. 


B  Ksster  Rocin-Cors  Solder  contains  a  patented  rosin  flux  that 
preTents  terminal  resistance.  .It  eliminates  fire-hazard  because  it 
will  not  cause  corro^on  or  injure  insulation.  It  forms  clean,  tight 
connections  that  hold  against  shocks,  Tibrotions,  contraction  and 
expansion — for  the  life  of  the  opparatus.  Kester  Acid-Core  Solder 
is  ideal  for  any  general  soldering  operation. 


•  Kester  Cored  Solders  are  available  in  a  wide  range  of  strand 


B  The  use  of  Kester  Cored  Solders  in  any  soldering  operation  is 
a  sure  sign  of  permanent  trouble-free  service  and  dependability. 
Kester  Cored  Solders  are  made  to  provide  solder  bonds  thot  resist 
■w  ^e  strain  of  steady  duty  in  everything  from  the  most  intricate 
.  electrical  connections  to  the  heaviest  type  of  industrial  soldering. 


* 


SOLD 


4  u  M  ; 


ri 


D  i 


and  core  sizes,  with  the  right  combination  of  alloy  and  flux  to 
give  you  the  right  solder  for  your  specific  job. 

B  Kester  experience  is  at  your  service  to  determine  the  best 
solder  formula  and  practice  for  your  operation.  Get  the  benefit 
of  this  experience  without  obligation  by  consulting  Kester  engi¬ 
neers  on  any  solder  problem. 

KESTER  SOLDER  COMPANY 

4204  .Wrightwood  Avenue,  Chicago  39,  III. 

Eastern  Plant:  Newark,  N.  J. 

Canadian  Plant:  Brantford,  Ontario 


STANDARD  FOR  INDUSTRY 


erately  released.  When  inserted  in 
chassis  holes,  two  pronged  ends 
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At  Your  Sewfi^ 

to  help  you  with  your 

SHEET  METAL 

FABRICATION  REQUIREMENTS 

SHEET  METAL  PRODUGTS-iMc/i  as: 

INSTRUMENT  PANELS,  RADIO  COMMUNI¬ 
CATION  CASES  and  ENCLOSURES,  OSCILLA¬ 
TOR  BOXES,  CHASSIS  and  CABINET  ASSEM¬ 
BLIES,  RACKS  and  SPARE  PARTS  BOXES, 
WATERPROOF  CABINETS  and  BOXES,  METAL 
STAMPINGS,  FORMING  and  WELDING  of 
FERROUS  and  NON-FERROUS  METALS. 

We  specialize  in  Rx\DAR  and  RADIO  COMMUN I- 
CATION  METAL  PRODUCTS.  “Whistler  and 
Wiedermann  Setups”  used  for  economic  and  speedy 
production. 

We  can  assure  you  of  excellent  workmanship  and 
prompt  deliveries.  Send  us  your  blueprints  and  specifi¬ 
cations.  We  shall  quote  you  immediately.  ,  ' 


Our  additional  facilities  enable  us  to  solicit  your 
inquiries  regarding  SCREW  MACHINE  ITEMS  and 
GENERAL  MACHINE  SHOP  PRODUCTS. 


S.  WALTER  CO. 

PRECISION  SHEET  METAL  PRODUCTS 
CENTRE  STREET  BROOKLYN  31,  N.  Y. 


CLAROSTAT  MFG.  CO.,  Inc.  •  285-7  N.6th  St.,  Brooklyn,  N.Y, 


NEW  PRODUCTS  '  (continued) 

compres-s  to  enter,  then  ^nap  out¬ 
wardly  when  pushed  through.  The 
prongs  grip  the  underside  of  the 
chassis  with  a  continuous  spring 
pull  that  holds  the  can  firmly  to  the 
chassis.  When  mounted  according 
to  specifications,  this  fastener  ac¬ 
commodates  a  wide  range  of  chassis 
thicknesses.  Variations  in  hole  lo- 
cat'ons  in  cans  and  in  chassis  thick¬ 
ness  are  easily  taken  care  of  by  the 
long  spring  arch  construction. 


Grid  Pulse  Life  Tester  ^21) 

Chatham  Electronics,  475  Wash¬ 
ington  St.,  Newark  2,  N.  J.  New 
equipment  for  testing  receiver  type 
tubes  under  pulsed  operating  con¬ 
ditions  consists  of  four  units.  The 


modulator  unit  delivers  a  positive 
pulse  adjustable  from  50  to  350 
volts.  Pulse  current  of  10  amperes 
has  a  duty  cycle  of  0.01.  Width  of 
the  pulse  can  be  varied  between  1 
and  25  microseconds.  Repetition 
rate  is  variable  between  500  and 
2,500  times  a  second. 


Series  5S'  rheostats  and  potenti¬ 
ometers,  available  ia  single,  dual 
and  triple  section  units  (as  here 
shown).  Available  with  attached 
power  switch. 


Series  42  multiple-unit  wire-wound 
controls,  available  in"  assemblies 
from  2  to  18  sections  in  tandem 
and  operated  by  a  single  shaft. 


Electron  Gun  Compass  (22) 

Minneapolis-Honeywell  Regula¬ 
tor  Co.,  2753  Fourth  Ave.,  S.,  Min¬ 
neapolis,  Minn.  Containing  no  mov¬ 
ing  parts,  a  new  device  depends 
upon  an  electron  beam  aimed  at  a 
four-segment  target  to  provide  di¬ 
rection  signals  for  guiding  a  ship 
or  plane  to  a  preset  course.  The 
magnetic  field  of  the  earth  makes 


Series  43,  midget  wire  -  wound 
controls  in  single,  dual  and  triple 
section  units.  Available  with  at¬ 
tached  p>ower  switch. 


You  con  entrust  your  wire-wound  control 
problems  to  Clarostat.  with  complete  confidence, 
because:  (1)  Clarostat  has  wire-winding  experi¬ 
ence  second  to  none  in  the  industry:  (2)  Clarostot 
has  outstanding  winding  equipment  designed, 
developed  and  built  by  its  own  engineers;  (3) 
Clarostat  spent  two  decades  perfecting  wire- 
wound  rheostats  and  potentiometers;  (4)  Above 
all.  Clarostat  has  on  enviable  reputation  to  main¬ 
tain.  Therefore,  try  Clarostat  with  those  wire- 
wound  control  problems  or  requirements. 


Series  MH  or  the  famous  "Hum¬ 
dinger"  extra-compact  rheostat 
or  {x>tentiometer.  Wire  winding 
held  in  grooved  fibre  base.  Body 
only  9/32"  deep. 


Widest  selection  of  resistance 
values,  taps,  tapers,  terminals, 
shafts,  etc. 


^  Writ*  for  CATALOG 


CUROSTLT 
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The  K-TRAN  is  more  economical,  more  compact  and 
gives  better  performance  than  old  style  I.  F.  Trans> 
formers,  its  use  assures  quick  deliveries. 

AUTOMATIC  MICA  TRIMMERS  are  the  standards  of 
the  Radio  industry. 

Specify  and  use  AUTOMATIC  standard  components 
for  ossuronce  of  quality  and  service. 


l  MA^VFACTVRING  / 

_ \  «:  0  t  f.  6  «  A'  T  I  O  .N  ,/ _ _ 

MASS  PRODUCTION  COILS  &  MICA  TRIMMER  CONDENSERS 
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USE  STANDARD  PARTS  -  SAVE  TIME  AND  MONEY 


STANDARDS  by  AUTOMATIC  T 


NEW  PRODUCTS  (continutd) 

the  beam  deflect  to  the  west,  but 
the  compass  indicator  is  oriented  to 
read  conventionally  north.  The 
Cathotrol  can  be  tied  in  to  an  auto¬ 
pilot  for  exact  control  of  aircraft. 
Other  uses  include  that  of  magne¬ 
tometer  substitute  in  prospecting 
for  oil  nnd  ores. 


Tube  Tester  (23) 

Electronic  Measurements  Corp., 
114  Liberty  St.,  New  York  6,  N.  Y. 
The  Series  200  mutual  conductance 


RACON— world's  largest  and 
leading  manufacturer  of  oir 
column  horns,  speakers  and 
driring  units  offers  you  the 
most  complete  line — a  unit 
and  speaker  for  erery  con- 
ceiToble  PA  or  sound  re¬ 
quirement. 


tube  tester  illustrated  checks  all 
tubes  according  to  mutual  con¬ 
ductance  on  a  micromho  scale  that 
is  also  marked  for  “good”  and  “re¬ 
ject”  values. 


Adjustable  A-C  Supply  (24) 

Superior  Electric  Co.,  277  Church 
St.,  Bristol,  Conn.  The  new  voltbox 
a-c  power  supply  has  been  designed 
primarily  to  meet  the  needs  of  elec¬ 
tric  light  company  testmen  but  the 
many  features  o'f  this  instrument 
will  prompt  its  use  in  diversified 
applications.  The  unit  offers  a  com¬ 
pact,  portable  source  of  metered, 
continuously  adjustable  a-c  voltage 
and  current.  Three  ranges  of  out¬ 
put  voltages  and  two  ranges  of  out¬ 
put  current  are  available.  The  vari¬ 
able  voltage  and  current  feature  is 
achieved  by  two  Powerstate  vari¬ 
able  transformers  operating  in  con¬ 
junction  with  auxiliary  transform¬ 
ers.  Voltage  and  current  are  varied 
independently  and  are  electrically 
isolated  from  ea-’h  other.  For  meter¬ 
ing  purposes,  a  triple-range  volt¬ 
meter  and  a  double-range  ammeter 
are  supplied.  When  it  is  required  to 
measure  external  voltages  and  cur¬ 
rents,  these  meters  can  be  employed 
for  such  purposes  by  throwing  the 
lever-action  Hwitches  located  below 


CompetitiTvly  priced,  RACONS 
assure  maximum  efficiency  and 
high-fidelity  "true  tone"  repro¬ 
duction.  Our  driring  units  gire 
60  watts  peak  and  30  watts 
continuous  output  ot  lowest  wott 
of  energy  input.  AU-Weather 
construction  ond  Stormproof  Ma¬ 
terial  moke  BACON  speakers 
imperrious  to  ony  climatic  condi¬ 
tion.  BACON  Acoustic  Mate¬ 
rial  prerents  resonant  effects. 


SEND  FOR  OUR  NEW 
FREE  CATALOG  TODAY' 


S"MBT  BUVCIIS 


RACON  ELEC.  CO..  IMC..  52  E.  19TH  ST.,  NEW  YORK,  N.  Y 
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from  the  LARGEST . . . 

to  the  SMALLEST 


Rtfl.  U.  8.  Pat  Off. 


SOCKET  SET  SCREW 

with  the  KNURLED  CUP  POINT 


This  extremely  smell  "Un- 
brako"  Socket  Set  Screw 
is  e  ful^d^ed  Seff-Locker 
—knurled  cup  point  end 
ell. 


UNBRAKO"  SOCKET  HEAD 
CAP  SCREW 

The  "Unbrako"  Socket 
Heed  Cap  Screw  has  e 
knurled  head  which  makes 
It  slip-  end  tumble-proof, 
though  the  finders  end 
head  be  ever  so  oily,  there¬ 
fore,  it  can  be  screwed-in 
fester  end  farther  before 
it  becomes  necessary  to 
use  a  wrench. 


"UNBRAKO"  SOCKET 
SET  SCREW 

The  "Unbrako"  Socket 
Set  Screw  with  the 
knurled  threads  in  a  Se/f- 
^  f.ocker,  too,  for  Flat, 
Oval,  Cone,  One-Half 
and  Full  Doq  Points. 

Pat'd  4.  Pats.  Pend.  . 


'HALLOWELL"  KEY  KIT 


/ 


You  can't  screw  socket 
screws  in  or  out  without 
a  hex  socket  wrench,  so 
why  not  get  our  No.  2S 
or  No.  50  "Hallowell" 
Hollow  Handle  Key  Kit 
which  contains  most  all 
hex  bits. 


KITS:  Pets.  Pend. 


is  a  product  of 

C^ontinuouA  I^e6e/a.rcli  ^  ^ 

and  jPrecision  ^i^anu^actute 

perfect  in  every  detail  ...  no  matter  how  large  or 
small  the  "Unbrako". 

Each  has  the  accuracy,  strength  and  deperidability 
so  important  in  the  electronic  and  small  precision 
instrument  field  .  .  .  each  has  the  internal  wrench- 
ing  feature  that  facilitates  compact  designs  .  .  . 
each  is  a  Self-Lockei  because  its  knurled  cup  point 
digs-in  and  stays  tight  regardless  of  the  most  chat¬ 
tering  vibration  .  .  .  and  each  can  be  easily  back- 
ed-out  with  a  wrench  and  used  over  and  over  again 
any  number  of  times. 

Write  for  your  "Unbrako"  Catalog,  it  describes  "Un¬ 
brako"  Socket  Screw  Products  in  detail. 

"Unbrako"  and  "Hallowell"  Products  are  sold  entirely 
through  distributors.  .  ^ 

Knurling  of  Sochel  ,  . 

Screws  originated  with  ‘  . 

‘‘Unbrako"  in  1934. 


OVER  44  YEARS  IN  BUSINESS 


STANDARD  PRESSED  STEEL  CO. 

JENKINTOWN,  PENNA.,  80X^3  •  BRANCHES:  BOSTON  •  CHICAGO  •  DETROIT  •  INDIANAPOLIS  •  ST.  LOUIS  •  SAN  FRANCISCO 


ELECTRONICS  — WorcA,  1947 


Match  her  skil  with  dependable  solder 


Delicate  soldering  operations  by 
skilled  workers  call  for  a  solder  of  proven 
dependability.  Your  investment  in  labor¬ 
time  and  cost  of  materials  should  be  pro¬ 
tected — not  to  mention  that  most  valu¬ 
able  business  asset,  your  reputation. 

You  will  be  free  from  soldering  come¬ 
backs  and  worries  of  all  kinds  when  you 
standardize  on  Glaser  Plastic  Rosin  Core 
Solder. 

Only  virgin  metals  go  into  this  fine 
"scientific  fornnfula"  .solder.  No  vitiating 
"scrap"  content  to  cut  down  costs,  at  the 
risk  of  lowering  the  quality  of  your  prod¬ 
uct  and  injuring  your  good  name. 

Every  day  increases  the  list  of  promi¬ 
nent  manufacturers  who  capitalize  on  the 
dependability  of  Glaser  Plastic  Rosin 
Core  Solder  and  other  Glaser  Products. 

Insist  on  "Glaser"  when  ordering  solder 
and  flux — the  line  that  "gives  you  more" 
yet  costs  no  more. 

GLASER  LEAD  CO..  INC. 

31  WyckofF  AveMMe.  Brooklyn  27,  N.  Y. 


Onr  24fk  yoor  of  dopondoblo  service 
to  AmerJeoa  ladotfrios. 


OTHER 

GLASER 

PRODUCTS 

Silver  Brosing 
Solder  and  Hnx 
Hoxes  for 
every  pnrpose 
Lead  Prodnets  of 
every  description 
Lead  Lining  of 
acid  and 
plating  tanks 

Glaser  Plastic  Rosin 
Core  solders  exceed 
Government  specifi¬ 
cations  In  purity  and 
are  guaranteed  to 
conform  with  A.S.T.M. 
Class  A  specifications. 


S^ILPER 


each  meter.  The  circuit  has  been 
designed -to  permit  the  use  of  this 
device  on  either  115  or  230  volt, 
50/60  cycles  power  lines.  The  out¬ 
put  voltage  ranges  are  0-30,  0-150, 
at^d  0  300  volts  while  the  current 
ranges  are  0-5  and  0-20  amperes.  A 
circuit-breaker  offers  complete  in¬ 
strument  protection. 

Aluminum  Voice  Coil 
Speakers  -(25) 

General  Electric  Co.,  Syracuse, 
N.  Y.  The  line  of  loudspeakers  cur¬ 
rently  being  manufactured  uses  an 
aluminum  foil  based  voice  coil,  as 
illustrated.  The  use  of  aluminum 


offers  advantages  in  that  it  can 
handle  higher  wattages;  the  voice 
coil  is  unaffected  by  temperature 
and  humidity,  the  coil  will  not  warp 
or  crack,  and  better  control  of  gaps 
is  afforded. 

D-C  Power  Supply  (26) 

Superior  Electric  Co.,  177  Church 
St.,  Bristol,  Conn.  The  0-3,000-volt 
d-c  power  supply  illustrated  has 
been  designed  for  continuous  duty, 
small  regulation,  and  easily  ad- 
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Contact  Tape'.  (27) 

D.  E.  Makepeace  Co.,  Attleboro, 
Mass.  Bar  contact  tape  for  use  on 
spring  contact  arms  can  be  supplied 
by  the  company,  which  also  pro¬ 
vides  an  assembly  service  when 
desired.  Palladium  and  palladium 
alloys  on  pure  nickel  base,  silver 
tape  or  other  combinations  can  be 
attached  to  contact  arms  to  provide 
low-cost  and  satisfactory  make  and 
break  of  circuits. 


Yardeny  Laboratories,  Inc.,  105 
Chambers  St.,  New  York  7,  N.  Y. 
The  Synchro-Link  works  on  the 


at  M  ^ 


fhoto  courtesy  of  EMERSON  Radio  &  Phonograph  Corp. 

WIY  ME  CORWICO  WRE  PRODUCTS  SPECIFIED 
BY  THIS  LARBE  RADIO  MAHUFACTURER? 

Bacausa  thair  ENGINEERING  Department  values  their  faith¬ 
ful  performance  of  the  requirements  of  insulation  resist¬ 
ance  and  voltage  breakdown  .  .  . 

Because  their  PRODUCTION  Department  finds  that  they 
possess  the  essential  qualities  wnich  permit  easy  pushback 
or  mechanical  stripping  .  .  . 

Because  their  PURCHASING  Departorent  finds  that  these 
quality  products,  backed  by  dependable  service,  are 
sold  at  prices  that  spell  true  economy  .  .  . 


justed  output  voltage.  The  maxi¬ 
mum  d-c  output  current  is  0.5  am- 
pqfe.  It  operates  from  a  116-volt, 
single-phase,  50/60-cycle  source. 
The  power  supply  uses  a  full-wave 
bridge  rectifier  consisting  of  four 
type  866/866A  tubes.  A  time-delay 
relay  is  provided  which  allows  the 
filaments  to  be  adequately  heated 
before  high  voltage  is  applied.  All 
major  components  are  either  potted 
or  hermetically  sealed. 


CORNISH  WIRE  CO.,  inc 


15  Park  Row  •  New  York  City,  7 


Remote  Position  Control  (28) 


^  •  I  I  e  d 


^*"oe-f ''''®“  «r  1i>  S 


From  600  to  over  30,000  V  oil  it 


Modem  functionally  designed  eapacitors.  Metal 
ferrules  are  soldered  to  silver  bands  used  to  each 
end  of  heavy-vialled  glass  tubes.  This  vacuum  tight 
assembly  is  fungus-proof  and  passes  Sifmal'  Corps, 
.4ir  Corps  and  Nary  thermal  cycle  and  immersion 


Announcing  an  illustrated  techniccd  booklet  on  uses  of 

PLASTiCON*  GLASSMIKES 

Contains  the  following  subjects: — 

•  Classmike  characteristics  and  design  data 

•  Comparison  of  Classmike  and  Mica  Capacitors  _ 

•  Uses  of  Glassmikes  for  improved  RF  and  Audio  bypassing  Come  in  and  visit 

•  Use  in  Audio  and  RF  coupling  our  exhibit  at  the 

•  Glassmike  in  television  power  supplies  l.R.E.  t  hoto  , 

•  Video  coupling  |  3-7,  ind. 

•  Vibrator  buffer  applications 

•  ^iger  Counter  Capaeitore 

•  Instrument  capacitors  _  t  •  u  j 


#  And  many  other  applications 

*PL4SriCONS:  natfle-Fllm  Dleleetrle  Capaelfors 


on  your  firm  letterhead. 


I  Order  from  your  jobber:  if  he  cannot  supply  you,  order  direct 

Cottdenser  products  Company 


137S  NORTH  .frRANjCN  STlUiT  .•_CHICA00:2.2;  ILLINOIS 
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NEW -PRODUCTS  .  .  ,  (conMnutti) 

principle, of  a  self-balancing  elec¬ 
tronic"  bridge.  It  consists  of  a  mas¬ 
ter  control  with  calibrated  dial,  a 
vacnum-tube, chassis,  and  the  load 
control '^tentiometer  geared  to  a 
motor  or  otherwise  coupled  to  the 
load.  Several  slave  units  can  be  con¬ 
trolled  by  the  same  mastei  station. 
Further  details  are  available  in  a 
single-sheet  leaflet. 


Improved  Fleet  Control  (29) 

The  Hammarlund  Mfg.  Co.,  Inc., 
460  West  34th  St.,  New  York  1, 
N.  Y.  An  improved  model  of  the 
dial-operated  fleet  control  system 
for  taxis,  police,  and  utility  cars 


ivlen  talk  of  trips 
to  the  moon  nowadays  but 
science  has  already  travelled 
far  beyond  in  its  search  for 
truth  .  .  .  from  inconceivable 
distances  come  faint  glimmer¬ 
ings  that  reveal  secrets  of  dis¬ 
tant  universes. 


includes  a  circuit  to  ring  a  bell  and 
flash  a  light  when  the  particular 
vehicle  is  called.  The  light  remains 
on  to  warn  an  absent  operator  on 
his  return  that  he  has  been  called. 


Just  as  these  messages 
from  space  are  interpreted  by 
MEASUREMENTS,  so  has 
every  scientific  discovery  re¬ 
sulted  from  our  ability  to 
build  and  to  use  A^^CURATE 
MEASURING  INSTRU¬ 
MENTS. 


Hathaway  Type  S12  A  12-eiement  Portable  Oscillograph 
•  Very  small  •  Automatic  •  Simple  to  operate 


Moving-Coil  Pickup  (30) 

Cooper  Mfxi.  Co.,  17  Hanway  St., 
London,  W.  1.,  England.  A  new 
lightweight  moving-coil  pickup  re¬ 
quires  a  pressure  of  0.5  ounce  on 
the  record  and  has  a  response  es¬ 
sentially  flat  from  30  to  12,000  cy¬ 
cles.  Replacement  of  the  sapphire 
stylus  has  been  facilitated  by  use 
of  a  special  tool.  The  device  is  ro¬ 
bust  enough  not  to  be  easily  dam¬ 
aged  by  dropping  on  the  record. 


ONE  OF  A  COMPLETE  LINE  OF  RE¬ 
CORDING  OSCILLOGRAPHS  AND 
HIGH-SPEED  GRAPHIC  INSTRUMENTS 


To  keep  abreast  with  the 
ever-changing  needs  of  mod¬ 
ern  research,  Hathaway  engi¬ 
neers  are  constantly  working 
on  new  measuring  instruments,  constantly  improving 
older  ones.  Whatever  may  be  YOUR  new  problem 
in  MEASUREMENT  OR  CONTROL,  Hathaway 
experience  can  help  you. 


WRITE  FOR  TECHNICAL  BULLETIN  SP-I67A 


Sound  System  Pads  (3U 

General  Electric  Co.,  Syracuse, 
N,  Y.  Wire-wound  L-pads  and  T- 
pads  for  sound  systems,  covering 
impedance  ranges  from  8  to  600 
ohms,  have  just  been  announced. 
The  T-pads  may  be  used  as  vari¬ 
able  attenuators  in  stable  line  im¬ 
pedance  circuits,  while  the  L-pads 


INSTRUMENT  COMPANY 

1315  SO.  CLARKSON  STREET*  DENVER  10,  COLORADO 
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ono- combinations  that  aren’t 


X  f  you  manufacture  the  kind  of  combination  that 
takes  its  precious  time  coming  off  the  drawing 
board  —  and  off  the  assembly  line  —  Garrard  is 
your  record  changer. 


spindle  .  .  .  and  more.  Most  important  .  .  .  Garrard 
has  the  “look’^  of  belonging  in  distinctive  sets. 

Send  for  a  sample  changer.  Garrard  Sales  G>r- 
poration,  315  Broadway,  New  York  7,  New  York. 


For  the  most  part,  Garrard  changers  have  been 
finding  their  way  into  those  custom-built  assemblies 
where  every  component  is  hand-picked,  without  a 
sidewise  glance  at  cost.  Your  finest  combinations 
are  made  that  way,  and  there  is  every  reason  why 
you  can  and  should  select  Garrard. 


PRECISE  AS  A  WATCH 

1.  Exclusive  speed-regulated,  governor-controlled  motor 

2.  Completely  automatic  intermixing 

3.  True  tangent,  jewelled-pivot  tone  arm 

4.  Exclusive  non-slip  spindle 

5.  Automatic  stop 

6.  Heavy  fly-wheel  action  built  into  turntable 

7.  Only  one  operating  control  required 

8.  Full  swivel  tone  arm  for  changing  needles 

9.  Kind  to  fragile  records;  no  knives  or  trick  spindles 


It’s  as  simple  as  this:  with  Garrard  in  your  com¬ 
bination,  you  can  feature  the  changer  as  you  fea¬ 
ture  cabinetry  and  tone  quality.  You  can  point  up 
the  watch-like  construction;  the  exclusive  govemor- 
controllod,  speed-regulated  motor;  the  non-slip 


WORLD'S  FINEST  AUTOMATIC  RECORD  CHANGER 


r.ARRARD  ADS  APPFAR  CONTINUALLY  IN:  EVERY.  IMPORTANT  CONCERT  PROGRAM  AND  IN  LIFE  •  SATURDAY' 
evening  post  •  NEW  YORK  TIMES  MAGAZINE  •  HOUSE  BEAUTIFUL  •  HOUSE  AND  GARDEN  •  RECORD  REVIEW 
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NATIONAL  RADIO  SERVICE  CO 


Baltimore  15,  Md 


Reisterstown  Rd.  &  Cold  Spring  Lone 


(cootlmMd/ 


NEW  nOOUCTS 


have  application  as  individual  vol¬ 
ume  controls  for  multiple  speakers 
or  as  attenuation  controls  for  con¬ 
stant  impedance  at  either  the  source 
or  load.  Rated  at  a  maximum  power 
dissipation  of  2.5  rTatts,  the  units 
hai^e  a  continuous  range  of  from 
0.6  to  30  decibels  attenuation  in  90 
degrees  of  rotation,  the  last  ten 
percent  affording  infinite  attenua¬ 
tion. 


High  Current  Capacitor!«  (32) 

Solar  Mfg.  Co.,  285  Madison  Ave., 
New  York  17,  N.  Y.  Small  filter 
capacitors  capable  of  continuous 
use  at  currents  up  to  100  amperes 
with  line  voltages  up  to  250  volts 


'  fMilf  fe  rigid  U.  S.  Government  Specifications 

SPECIFICATIONS 

input— 115  V.  50-60  «ycle 

REGULATIONS— Lass  fhan  1/20  volt  change  in  output  voltage  with  change  of  from 
100-140  V.A.C.  input  voltage  &  from  NO-LOAD  to  FULL-LOAD  (over  very  wide 
latitude  at  center  of  variable  range) 

RIPPLE— Less  than  5  millivolts  at  all  loads  and  voltages 

DIMENSIONS — Fits  any  standard  rack  or  cabinet  (overall:  19  in.  wide;  l2*/s  in.  high. 
II  in.  deep;  shipping  wt. — 100  pounds) 

TYPE  A— VARIABLE  FROM  210-335  V.O.C.  @  400  M.  A. 

TYPE  Bl— VARIABLE— TWO  RANGES:  400-600  V.  0.  C.  ®  125 
M  A.  and  600-890  V.  D.  C.  @  125  M.  A. 

CONSTRUCTION  FEATURES 

Weston  model  301  (or  equal)  millimeter  and  voltmeter  •  Separate  switches,  pilot  lights, 
and  fuses  for  FIL  and  PLATE  VOLTS  G  All  tubes  located  on  shockmount  assemblies  G 
Fuses  mounted  on  front  panel  and  easily  accessible  G  Can  vary  by  turning  small  knob 
on  front  of  panel.  Can  easily  modify  Type  Bl  from  POSITIVE  to  NEGATIVE  output 
voltage  G  Individual  components  numbered  to  correspond  with  wiring  diagram. 

Rigid  construction:  components  designed  to  withstand  most  severe  military  conditions — 
physical  and  electrical;  were  greatly  under-rated. 

All  units  checked  and  inspected  at  150%  rated  load  before  shipment. 

.  Type  A:  2-B36:  6-6U:  2-6SF5;  1-VR150;  1-VR105 

rme  ceaipMaMrt  ^  ^3^.  3  2-6SF5:  1-VR150:  1-VR105 


a-c  are  suitable  for  3-terminal  net¬ 
work  filters  to  attenuate  radio 
interference  from  motors  and  other 
rotating  equipment.  Capacitance 
values  up  to  0.76  microfarad  are 
available. 


Electronic  Timer  (33) 

Special  Products  Co.,  Silver 
Spring,  Md.  The  Speco-Rhein  elec¬ 
tronic  timer  is  useful  for  time  de¬ 
lay  action  in  timing  short  intervals 
and  for  continuously  repeating  a 
definite  cycle  of  time.  The  new  unit 
is  compact  in  size,  and  is  housed  in 
a  cast  aluminum  case  for  wall 
mounting.  The  standard  unit  pro¬ 
vides  timing  ranges  from  1/10  sec¬ 
ond  to  60  seconds,  although  other 


TYPE  A— $185.00 

Complete  with  tubes  aed  ready  to  plug  ii 


TYPE  Bl— $179.00 

•Prices  subject  to  change  without  notice 
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SIX  REASONS  WHY 
ROCKBESTOS  WIRES  AND  CABLES 


Give  Your  Products 
Performance  Protection 
Longer  Life 

and  Added  Sales  Appeal 


2  PERMANENTLY 
AGE  RESISTANT 


RESISTS  HEAT 
AND  OXIDATION 


REMAINS 

FLEXIBLE 


A  few  of  the  126  permanentljf  ituulated  wires, 
cablee  and  cords  derdnped  bif  Roekbestos  to  protect 
performance  and  give  lasting  service. .  .  . 


Offer  “Immediate  Delivery”  today  and  you  can  sell  electrical 
products  in  quantity  regardless  of  quality.  But  will  they  stay 
sold  .  or  will  dissatisfied  customers  run  up  your  operating 
costs  with  demands  for  replacements,  repairs  or  servicing? 

There’s  no  substitute  for  quality  when  performance  has  to  sell 
your  product  and  keep  it  sold.  And  where  wire  is  concerned  you 
can  guard  against  future  trouble  and  build  a  reputation  that  will 
increase  sales  by  wiring  with  permanently  insulated  Rockliestos 
wires,  cables  and  cords.  They  ^re  built  to  outlast  your  product 
.  .  .  insulated  with  heat,  flame  and  age  resistant  impregnated 
asbestos  to  eliminate  failures  caused  by  overloads,  high  ambient 
temperatures  and  hard  usage  under  severe  ojierating  conditions. 

Let  Rockliestos  permanently  insulated  wires  help  guarantee 
the  performance  of  whatever  you  make  .  .  .  aircraft,  buses, 
cranes,  electronic  calculators  and  controls,  locomotives,  motors, 
radio  transmitters,  ranges  and  hundreds  of  others.  For  recom¬ 
mendations  or  a  catalog  write  to: 


This  heat,  flame  and  miHstuie  resistant  wire,  insulated  with 
high  dielectric  tapes  and  impregnateri  felteii  asbestos  and 
covered  with  (sdur-ended,  lacquered  fdass  braid,  has  a  maxi¬ 
mum  operating  temperature  of  1<S®  C.  Ideal  for  radios,  tele- 
visiim,  araphliers,  calculators  or  small  motor,  roil,  dyna* 
motor  and  transformer  leads.  No.  to  tAWG  in  1000  volt 
rating  —  No.  H,  14  and  16  AWG  in  S.OOO  voh,  also  in 
twisted  pair,  tripled,  shiehled  and  multi-conductor  con¬ 
structions. 


A  multi-ismductur  coiitisd  wire  for  low  voltage  ihter- 
communirat  ions,  signal  and  temperature  control  svstems. 
Its  asbestos  insulation  and  steel  armor  assure  trouble-free 
cirenits.  Sises  No.  14  to  IB  .\WG  in  two  to  five  comluctors 
with  .0I-J5*,  or  .045'  —  or  (for  115  volt  service)  .0.11' 
impregnated  asliestis  imsulation. 


ROCKBESTOS  PRODUCTS  CORPORATION 
445  Nicoll  St.,  Nnw  Havnn  4,  Conn. 


Use  this  apparatus  cable  for  co)!  connections,  motor  and 
transformer  leads  exposed  to  overloads  and  high  ambient 
temperatures.  Iii.sulated  witlf  hniOegnated  felted-  asbeston 
and  varnished  cambric,  and  covered  with  a  heavy  ashrotos 
brawl,  it  is  heat-proof  and  resistant  to  oil,  grease,  moistnre 
and  flame.  Sizes  IB  AWG  to  1,000,000  CM, 


The  Wire  with  Permanent  Insulation 


YORK  BUFFALO  CLEVELAND  DETROIT  CHICAGO  PITTSBURGH  ST.  LOUIS  LOS  ANGELES  SAN  FRANCISCO  SEATTLE  POKfLAND.  ORE. 
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TYPE  100 


HOW  MANY 

VARIATIONS 


ARE  THERE  TO  A 


STANDARD  DESION 


considered.  Acme  tran 
ert  made  from  standard 
to  special  specification 
available  in  hundreds 
of  ratings  and  to  ex¬ 
actly  the  physical  di¬ 
mensions,  design  and 
electrical  characteris¬ 
tics  you  require.  Acme 
Transformer  Engineers 
will  be  glad  to  assist  ' 
by  designing  transforn 
to  improve  the  perfo 
ance  of  your  product.  Bul¬ 
letin  1 68  gives  more  details. 


ACME  ELECTRIC  CORPORATION 


31  Water  St. 


CUBA.  N.Y. 


ranges  are  available.  Interval  vari¬ 
ations  are  less  than  2  percent  in 
repeat  cycle  timing  and  less  than  3 
percent  for  as  high  as  10  percent 
variation  in  line  voltage.  Because 
of  the  characteristics  of  the  resis¬ 
tor-capacitor  elements  the  range  is 
spread  out  in  a  logarithmic  scale, 
malgng  the  dial  dimensions  wide  in 
the  shorter  time  periods. 


Cue-Control  Attenuators  ^34) 

The  Daven  Co.,  191  Central  Ave., 
Newark  4,  N.  J.  A  new  line  of  at¬ 
tenuators  with  built-in  cueing  con¬ 
trol  transfers  program  material  to 


a  cueing  amplifier  at  the  extreme 
attenuation  position  so  that  a  pro¬ 
gram  can  be  brought  in  smoothly 
without  manipulation  of  additional 
cueing  switches. 


VHF  Power  Tube  ^35) 

General  Electric  Co.,  Syracuse, 
N.  Y.  A  new  vhf  power  tube,  type 
GL-5513,  with  a  tube  output  rang¬ 
ing  to  2  kw,  has  been  designed  for 
television  and  f-m  applications  un¬ 
der  class  B  and  class  C  conditions. 
The  new  tube  can  be  operated  up  to 
220  megacycles  and  it  may  be 
adapted  to  dielectric  heating  serv¬ 
ices  employing  the'  higher  frequen- 


230 
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1914 


Malden,  Mass 


MOST  DISTINCTIVE  NAME  IN  RADIO  COMMUNICATIONS 


prompted  by  war-time  advances  in  radio  techniqod, 


The  new  “Double  Diode"  noise  limiter  and  the  new  AVC  system  are 
effective  on  both  phone  and  CW.  The  voltage-regolated  oscillator  cir¬ 
cuits  are  extremely  stable.  The  frequency  range  includes  Ihe  6-meter 
amateur  bond.  (0.54  to  31  and  48  to  56  MC.) 


The  NC-173  offers  all  the  features  70U  expect  in  a  fine  receiver.  A 
glance  at  the  illustration  below  will  suggest  the  versatility 'of  its  adjust¬ 
ments  and  the  handiness  of  its  controls,  but  only  a  trial  will  prove  its 
thoroughbred  qualities.  Study  the  advanced  design  of  its  13-tube  cir¬ 
cuit,  appraise  its  modern  styling  and  challenge  its  performance  with 
the  toughest  conditions  that  crowded  amateur  bands  Can  offer. 


Here  is  a  receiver  a  man  can  be  proud  to  own.  See  it  at  your  dealer's 
within  the  next  30  days. 


ELECTRONICS  — Morcfc,  1947 


Hand  Microphone  (36) 

The  Turner  Co.,  CJedar  Rapids, 
Iowa.  The  model  20X  crystal  micro¬ 
phone  withstands  high  humidity. 
Frequency  response  range  is  50  to 
7,000  cycles.  Effective  output  level 
is  54  db  below  1  volt  per  dyne  per 


cies.  When  used  as  a  grounded-grid 
amplifier  in  class  C  telegraphy,  the 
tube  has  an  output  of  over  2  kw 
with  a  power  gain  of  t^.  In  class 
B  video  service  under  synchronizing 
peak  conditions  in  a  grounded-grid 
circuit,  output  exceeds  1  kw,  with 
approximate  power  gain  of  8. 

Filament  current  of  32  amperes 
and  filament  voltage  of  6.3  volts 
plus  a  grid-plate  interelectrode  ca¬ 
pacitance  of  8.7  iiaf  are  among  the 
electrical  characteristics  of  the  new 
tube.  Maximum  plate  voltage  rat¬ 
ing  under  class  C  telegraphy  condi¬ 
tions  is  4,000  volts.  For  class  B 
video  operation  the  maximum  plate 
voltage  rating  is  3,000  volts. 
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OSCILLOSCOPE 
for  MEASURING 
AC  and  DC ! 


‘99 

F.O.B.,  PHILADELPHIA 


Amplifiers  for  vertical  and  horizontal  deflection  as  well  as 
intensity  .  .  .  Linear  time  sweep  from  4-cycles  to  50-kc  with 
blanking  of  return  trace  ...  Sensitivity  up  to  100  mv/in  . . . 
Fidelity  up  to  350-kc  through  amplifiers  .  .  .  Attenuators  for 
AC  and  for  DC  .  .  .  Push-pull  amplifiers  .  .  .  Anti-astigmatic 
centering  controls . . .  Trace  expansion  for  detail  observations. 


Chassis  completely  insulated  from  input  circuits  ossures  safety  in  indus¬ 
trial  applications . . .  Direct  connections  to  deflecting  plates  and  Intensity 
grids  from  rear . . .  Retractable  light  shield  . . .  Detachable  graph  screen 
. . .  Handle  . . .  Functional  layout  of  controls. 


COMPLETELY  PORTABLE  I 
BVt  Ibc _ 11"  X  7"  X  5" 


HKlIin  Wlltis  H.,  III. 

"  PHirfDELPHIA  25,  PA.  i 


square  centimeter.  A  high-imped- 
ance  unit,  it  can  be  used  with  any 
standard  amplifier  employing  high- 
impedance  input.  Where  cost  is  a 
factor,  it  is  ideal  for  home  record¬ 
ers,  public  address,  amateurs,  pag¬ 
ing,  and  call  systems. 


Synchronous  Motor  (37) 


R.-  W.  Cramer  Co.,  Centerbrook, 
Conn.,  the  SX  motor  is  primarily 
intended  for  applications  that  re¬ 
quire  a  constant  speed  at  a  given 
frequency.  It  has  a  torque  of  30 
inch-ounces  at  1  rpm.  Power  input 
is  2.7  watts  at  115  or  230  volts,  60 
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It  Had  Us 


How  to  describe  HOLLISTON  Special  Purpose  Fabrics  so  that  you 
will  immediately  recognize  a  use  for  them  in  your  industry  I  TfKit 
is  the  problem;  and  it  has  us  stuhfiped.  Because  these  amazing 
fabrics  have  so  many  variable  characteristics,  so  many  potential 
uses.  For  instance,  they  can  be  flame-resistant  and  water-repell^t. 
They  can  be  impervious  to  mild  acids,  alkalies  and  solvents.  They 
can  be  endowed  with  surprising  dielectric  and  accoustic  properties. 
They  can  be  any  or  all  of  these  things.  What  do  they  look  like  ? 
They  can  be  made  to  simulate  almost  any  material  you  wish,  for 
they  can  be  fine  as  silk  or  coarse  as  burlap  and  either  limp  or  stiff. 
Many  HOLLISTON  Special  Purpose  Fabrics  are  already  serving  in¬ 
dustry  daily.  Most  likely  there  is  a  HOLLISTON  Fabric  that  will  meet 
all  your  requirements.  Find  out  today! 


H  O  L  L I  S  TO  N 

THE  HOLLISTON  MILLS,  INC.,  NORWOOD, -M ASS ACHUSEHS 
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NEW  PRODUCTS 


(continued) 


43000 


Thm  No.  43000 
AIR  WOUND  INDUCTORS 
and  ACCESSORIES 

Ptu9*tn  air  wound  indvetan,  cuH  furm*,  luck 
bun  and  taefcatt  Hiat  hava  baan  "Oaaignad  tar 
ApeHcaNan.”  Tho  tachaH  ara  at  Hia  ’’tlraipht 
lina,"  lypa,  tacilHalinp  tymmatrical  circuit  ar- 
rangamantt  and  ovaMIng  lha  undaclrabla 
bunching  at  laodc,  at  whan  standard  tuba  bata 
taebat-glug  arrangamants  ara  utad.  Illutiratad 


43000^  larlat.  Twa  larger  graupt,  lha  44000 
rattd  at  ISO  watts  and  lha  43000  ratad  at  500 
vratls  ara  alsa  ragularly  avoilobla  tram  yaur 
disiribular  at  Millan  radia  praducts. 


JAMES  MILLEN 
MFG.  CO.,  INC. 


MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


DC  702  and  DC  703 
Silicone  Diffusion  Pump  Fluids 


cycles.  Rotor  speed  is  240  rpm  at 
60  cycles.  Twenty-eight  standard 
gear  trains,  ranging  in  speeds  from 
60  rpm  to  one  revolution  in  24 
hours,  make  the  unit  adaptable  to  a 
variety  of  applications.  Coils  are 
easily  removable  for  changes  in 
voltage  rating  or  field  servicing.  It 
is  described  completely  in  Bulletin 
No.  10. 


Antenna  Changeover  (38) 

Advance  Electric  and  Relay  Co., 
1260  W.  2nd  St.,  Los  Angeles  26, 
Calif.  Twin  relays  are  available  for 
switching  of  two-wire  open  trans- 


•  In  uluctron  microscopus 

•  In  metal  evaporator  systems 

•  In  producing  vacuum  tubes 

«  In  dehydrating  foods  or  pharmaceuticals 


Never  before  have  there  been  diffusion  pump  oils 
producing  vacua  up  to  5  x  10^  yet  able  to 
withstand  atmospheric  pressure  at  operating 
temperatures  without  appreciable  decomposition. 

DC  702  and  DC  703  have  those  propertiev 
Their  vapor  pressures  are  as  low  or  lower  than 
the  best  organic  diffusion  pump  oils:  recovery 
times  after  exposure  to  atmosphere  at  operating 
temperatures  are  much  faster.  Ultimate  vacuum 
obtainable  with  DC  703  in  a  three-stage  glass 
pump  without  cold  traps  is  less  than  5  x  10^  mm. 

DC  702  has  a  lower  boiling  point,  operates 
against  a  higher  forepressure  and  produces 
vacua  in  the  range  of  organic  diffusion  pump  oils. 

Additional  information  about  DC  702  and  DC 
703  is  contained  in  pamphlet  No.  N  9>3. 

SILICONE  FLUIDS  AS  LIQUID  DIELECTRICS— DC 
200  Nuids  are  used  in  liquid  filled  condensers 
because  of  inherent  stability,  inertneu  to  moisture, 
and  a  dielectric  constant  and  power  factor 
which  change  very  little  over  a  wide  frequency 
spectrum.  For  additional  data  on  DC  Silicone 
-luids  write  for  cotaiog  No.  N  I  -5. 


mission  lines.  Since  they  can  be 
placed  any  distance  apart  down  to 
two  inches  they  minimize  discon¬ 
tinuities  in  line  spacing. 


Constant'Speed  D-C 
Motor  (39) 

Amglo  Corp.,  4234  Lincoln  Ave., 
Chicago  18,  Ill.  An  improved  model 
of  the  constant-speed  d-c  motor  is 


DOW  CORNING  CORPORATION 
MIDLAND.  MICHIGAN 
Chicago  OfKce:  luilders'  ■uildieg 
Cleveland  OfHce:  Terminal  Tower  Bnllding 
New  Yorh  <^ce:  Empire  State  Building 
In  Canda:  Dew  Corning  Freducts  Distri¬ 
buted  by  Fibergles  Canada,  Ltd.,  Terente 


\ 
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IN  THE  FACTORY 


IN  THE  SALESROOM 


. .  when  Costs  are  Cut  —  Appearante  and  Durability 
improved -by  AMCRICAM  PHIIUPS  SCRtm 


most  modem  fastening  for  all  types  of  furniture  is  the  American 
Phillips  Screw.  Easy  to  handle  .  .  .  lightning>fast  and  automatically  straight  to  drive .  .  . 
fumble>proof,  slip-proof  and  damage-proof^. . .  American  Phillips  Screws  deliver  top  savings 
on  any  fastening  job  in  any  type  of  plant  from  furniture  to  railroad  cars.  Put  these 
engineered  screws  on  your  costs  —  and  watch  your  time-savings  shoot  up  as  high  as  50*fo  I 

One  of  the  hallmarks  of  fine  furniture  and  other  household 
appointments  is  the  decorative,  straight-set,  unburred  head  of  the  American  Phillips  Screw. 
More  and  more  quality-minded  buyers  look  for  this  distinctive  feature — both  for  the  sake  of 
appearance,  and  as  a  visible  assurance  of  sturdy  construction  and  long  service — their  money’s 
worth  and  then  some!  yewr  product  should  have  this  cost-cutting,  sales-building  advantage. 


4-Wm6lO 


AMERICAN  SCREW  COMPANY,  PROVIDENCE  1,  RHODE  ISLAND 

Chieago  Its  $$9  I.  lINneto  St.  Defroft  2:  SOI  Stephensen 


ALL  TYPES  ^ 

ALL  METALS:  SImI. 
Brats,  Brenie,  Stain- 
lett  Steel,  Alwminwm, 
Monel,  Everdvr  (till-’ 
con  bronxe) 
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/  All-Fibra  Com 

/  Combination  Molol 
/  ond  Popor  Cons 

/  Spirally  Wound 
Tubot  and  Corat 
for  All  Purpotat 

Ploitic  and  Combinotiod 
Popar  and  Plaitic  llama 


A  spirally  laminated  paper  base/  Ptienblic  Tube 


FAST  OELIV^IES.  Ship¬ 
ments  are  beijig  made  with¬ 
in  four  w^1cs. 

Inquiries  given  specialized 


COSMALITE*  'is  the  result 
of  approximately  seven 
years  of  research.  You  ob¬ 
tain  the  further  advantage 
of  definitely  lower  costs! 


Made  in  Two  Types 

#96  COSMALITE  is  for 

coil  forms  in  all  standard 
broadcast  receiving  sets. 
Wall  thicknesses  from  .010 
up.  Punchifig  if  desired. 


attention. 


SLF  COSMALITE  for  Per¬ 
meability  Tuners  available 
in  wall  thicknesses  from 
.0065  to  .0095. 

See  our  Exhibit  #421 
at  the 

!  1.  R.  E. 

^  Radio  Engineering  Show. 


Consult  us  for  details 


Our  spirally  wound 
kraft  and  fish  paper 
Coil  Forms  and 
Condenser  Tubes 
also  possess  excellent 
insulation  properties. 


irodt  morfc  r^gist^rtd 


PRODUCTION  PLANTS  olso  ot  Plymcoth,  W.k  Ogd»rt»bM»n,  N  Y,  Cnic^go,  >11,  Oetro.t.  MtcK  .  Jomuburg  N  J 
PLASTICS  DIVISIONS  at  Plymouth.  Wik..  Ogdemburg  NY*  ABRASIVt  DIVISION  gt  CU^^Iond,  Oh.< 
New  YopL  Solvt  Offico-^IISd  Broodway.  Room  223 
IN  Canada  — Th*  CI*v«lond  Cop>toi"»r  Conodo  Ltd.  Probcotf  On«orio 
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adapted  to  many  uses  formerly  be¬ 
yond  the  scope  of  the  d-c  field,  par¬ 
ticularly  in  industrial  and  commer¬ 
cial  applications  where  synchronous 
units  are  required.  The  new  model 
utilizes  the  principle  of  polarized 
magnetic  drive  of  a  vibrating  reed, 
the  nucleus  of  speed  control  under 
d-c  power.  Due  to  simplified  design, 
the  new  motor  is  small  enough  to 
be  held  in  the  palm  of  the  hand, 
though  available  for  use  at  3,  6,  12. 
24,  32,  or  110  volts. 


Mercury-Vapor  Recti  fiers  ( 40 ) 


Eitel  McCullough,  Inc.,  1018 
San  Mateo  Ave.,  San  Bruno,  Calif. 
Eimac  type  866A  and  872A  mer¬ 
cury-vapor  rectifiers  are  directly 
interchangeable  with  types  866A/ 
866  and  872A/872  of  other  manu¬ 
facture.  Type  866A  operates  with 


(contlnu«d) 


Jusf  Published 


APPLIED 
MATHEMATICS 
/or  ENGINEERS 
PHYSICISTS 


NEW  MtODUCTS 


Practical 


■y  LOUIS  A.  PIPES 

Httearck  amt  KleetronU$  Dirition,  HufkM  Ainrktt  C*. 

41 1  pages,  5 Vs  x  8 'A,  187  lllatfrafloas. 
$S.50 

In  this  book,  the  mathematics  of  mechanical  and 
electrical  oscillations,  electrical  field  theory,  mod 
em  ot^rational  calculus, , nonlinear  oscillations,  and 
potential  field  theory  is  clearly  set  forth.  It  pro¬ 
vides  you  with  a  much-need^  analysis  of  non¬ 
linear  oscillating  systems  and  also  with  an  en 
lightning  discussion  on  modern  methods  of  usinK 
matrix  algebra  to  determine  natural  frequencies  of 
oscillating  systems  and  the  systematic  use  of  the 
operational  or  I.aplace  transform  methods  of  solv¬ 
ing  differential  equations.  Every  topic  which  forms 
the  mathematical  equipment  of  a  scientific  engineer 
or  a  physicist  is  covered  completely. 

Shows  you  .  .  . 

—how  to  measare  the  deflection  of  beamH  b.v 
transvere  forces 

— how  to  And  the  lowest  natural  frequency  o( 
a  vibrating  system 

— how  to  determine  the  deflection  of  a  cord 
stretched  lietween  supports  In  various  condi¬ 
tions  of  loading 

— how  to  determine  the  steady  state  of  mesh 
currents,  etc. 

See  it  10  days  FREE  •  Mail  coupon 


:  McGraw-Hill  Book  Cs.,  330  W.  42  St..  N.  Y.,  IS 

■  IMease  send  me  IMpes’  Applied  Mathematics  for 

■  Kngineers  and  Plursiclsts  for  10  days’  examination 

■  on  approval.  In  10  days  1  will  send  $.1.50  plus  few 
S  cents  poKtaae  or  return  book  postpaid.  (Postage 
2  paid  on  cash  orders. ) 

•  Name  . ! . 

2  Addreaa  . 

2  City  and  State . 

■  Company  . 

2  Position  . L-3-47 

2  Far  Canadian  prlea,  write  Embassy  Book  Co.. 

■  12  Richmond  Strsst  E..  Toronto  I. 
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MATHEMATICS 

for  solving 

engineering  and 
physics  problems 


Rotary  Beam  Turntable  (41) 

Premax  Products  Division  of  Chis- 
olm-Ryder  Co.,  Inc.,  Niagara  Falls, 
N.  Y.  The  Rotomount  hand-operated 
mounting  for  rotary  beam  antenna 
arrays  is  formed  of  heavy  sheet 
steel,  spot- welded.  The  moving  plat¬ 
form  is  suft^orted  on  a  ^•'inch  ball 
thrust  bearing.  A  f-inch  opening 
through  the  center  of  table  and 
shaft  provides  space  for  leans!  Cable 


Here  is  a  book  that 
demonstrates  the  ap¬ 
plication  of  higher 
mathematics  in  solv¬ 
ing  hundreds  of  tech¬ 
nical  problems  in  the 
fields  of  civil,  elec¬ 
trical,  and  mechan¬ 
ical  engineering,  and 
classical  physics. 

This  comprehensive 
volume  utfers  a  new 
approach  to  applied 
mathematics  for  en¬ 
gineers  and  physi¬ 
cists  hv  highlighting 
imports  nt  techniques, 
appileable  to  various 

Aid  WAVIk 

nMiticdi,  heat  eonduc- 

tion,  etc.  rills  iiietboil  of  presentation  enables  yoa 
to  find  quickly,  exactly  what  you  need  to  solve  your 
particular  pniblem  Kaeh  of  the  22  cba|iter»  eon- 
eliides  with  prai-tieal  pnibleiiis  and  exercises  takes 
from  the  Helds  of  engineering  and  physics  whieb  will 
help  you  U-coiiie  more  proHcieiit  ui  tbe  Oss  nf 
nietlsMis  useful  lii  your  own  work. 


2.5  filament  volts,  peak  inverse  volt¬ 
ages  as  high  as  10,000  volts,  and  a 
maximum  average  plate  current  of 
0.25  ampere.  The  872  has  a  5-volt 
filament  and  carries  a  maximum 
peak  inverse  voltage  rating  of  10,- 
000  volts  and  a  maximum  average 
current  rating  of  1.25  amperes. 


n 


WOLLASTOtl  PROCESS  WIRE 
drawn  os  small  os  .000010"; 
Mad«  to  your  spocHkotions 
for  diometor  and  rosistance 


WRITE  for  list  of  products. 


Wh 


en  fine  wire  problems  get  in  your  liair 


Anytime  you  have  a  problem  about  fine 
■  wire  —  don't  let  it  get  in  your  hair  — 
call  on  North  American  Philips.  •  * 
Because  Philips  is  Fine  Wire  Head¬ 
quarters. 

This  fine  wire  leadership  stems  out  of  the 
long  experience  Philips  has  had  in  close,  fine 
precision  manufacture  .  .  .  over  a  half  century 
of  it .  .  .  and  the  knowledge  and  skill  that 
comes  from  such  long  experience. 

In  addition,  Philips  makes  the  precision 
diamond  dies  that  make  possible  such  delicate 
fine  wire.  So  when  you  ask  Fine  Wire  Head¬ 


quarters  to  solve.yqi^  problems  ypii  benefit 
from  hll  this  accumulated  experience. 

But  doft't  think  thr^  split-hair  fine  wire  is  all 
Philips  has  .to  offer..  At  Fine  Wire  Headquar¬ 
ters  you  can  get  nearly  all  metals — in  plain, 
plated,  enameled  or  clad  fine  wire. 

With  the  electronics  field  growing  bigger 
and  bigger,  the  trend  is  to  smaller  components 
and  finer  wire.  To  meet  these  demands  for 
fine,  close  tolerance  wires,  now  is  the  time  for 
you  to  bring  us  your  fine  wire  problems. .  .write , 
wire  or  call  Philips  ...  for  ELMET  Tungsten 
and  Molybdenum  and  NORELCO  fine  wires. 


NORTH  AMERICAN  PHIUPS  COMPANY,  INC 

Dept.  E-3, 100  East  42nd  Street,  New  York.  17,  N.  Y. 
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NEW  PRODUCTS 


(contlnuad) 


Western  Electric 


pulleys  are  dural,  and  the  flexible 
steel  cable  furnished  is  so  mounted 
that  it  can  not  come  off  the  pulleys. 


Signal  Divider  (42) 

Keithley  Instruments,  1508 
Crawford  Road,  Cleveland  6,  Ohio. 
The  model  101  signal  divider  is  an 
attenuator  designed  to  provide  the 
low-level  input  signals  used  in  test¬ 
ing  performance  of  high-gain  am- 


'TM  ana  Keproaucers 


Both  assarerfaithful  reproduction  of 
either  vertKiRl  or  lateral  transcrip- 
tions.  The.  9A  has  «  diamond  stylus 
tip  with  a  2  mil  -radius.  It  is  espe¬ 
cially  good  for  umT  with’  the  narrow 
grooves  of  vertical  cut  d|scs.-The  9B, 


with  a  sapphire  stylus  tip  of  2H  mil 
radius,  is  especially  good  for  use  with 
the  wider  grooves  employed  in  the 
lateral  cut  records.  For  full  details, 
write  .Crayhar  El^tric  Co.,  420  Lex¬ 
ington  Ave.,  New  York  17,  N.  Y.— or 


ASK  YOUR  LOCAL 


GraybaR 

BROADCAST  REPRESENTATIVE 


pliflers.  Since  most  laboratory  oscil¬ 
lators  can  be  controlled  from  0.1  volt 
to  15  volts,  the  divider  extends  the 
range  down  to  about  10  microvolts. 
Frequency  range  is  0  to  200,000  cps 
and  input  admittance  is  approxi¬ 
mately  11,000  ohms.  Further  de¬ 
tails  are  available  in  bulletins  issued 
by  the  manufacturer. 


ILLINOIS  CONDENSER  CO. 

1616  NORTH  THROOP  STREET  •  CHICAGO  22,  ILL. 


to  meet  your  needs 


Steel-Shell  Mike 
Connectors  (43) 

Cannon  Electric,  3209  Humboldt 
St.,  Los  Angeles  31,  Calif.  Two 
steel-shell  plugs  which  will  mate 
with  the  standard  type  XL  zinc  re¬ 
ceptacles  carry  the  additional 
designation  SC.  Overall  length  is 
slightly  smaller  than  corresponding 


Our  new  plant  ia  humming  .  .  .  turning  out  Capacitors  of 
finest  quality  .  .  .  serving  our  growing  list  of  customers. 
At  Illinois  as  always,  the  emphasis  is  not  on  quantity  but 
on  quality  condensers  of  lightweight,  compact  construction 
endowed  with  ruggedness  for  long  life.  Latest  and  most 
modern  production  equipment,  newest  manufacturing  tech¬ 
niques  and  the  rigid  control  standards  of  our  trained 
engineering  staff  is  guarantee  of  thel>est  in  Capacitors. 


Your  copy  of  our  lafott  catalog  Is 
toady  for  you.  Wrifo  for  It  today. 
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No.  Ill 


OlVllOPMiNT  5 


STOCK 

NO. 

t4-376 


NEW 


tUCTROMK 


99^ 


This  new  5*  Cathode  Ray  Oscilloscope  is  a 
precision  instrument  at  an  attractively  low 
price,' designed  for  praaical  application  in 
laboratory  research  and  production  work. 
Sturdily  built  to  stand  up  under  continuous 
use,  and  ably  engineered  for  accuracy,  versa* 
tility  and  easy  operation.  Has  wide  frequency 
range,  10  cycles  to  ^M'Kc.  Deflection  sensi¬ 
tivity,  1  volt  RMS  per  inch.  Sweep  range,  1 0 
cycles  to  60  Kc.  in  four  steps.  For  110-120 
volt,  50-60  cycle  operation.  In  welded  steel 
cabinet,  with  baked  black  wrinkle-finish; 
8^4'  wide,  14^4'  high,  deep.  Instru¬ 

ment  panel  in  black,  with  white  designations: 
has  removable  calibrated  plastic  scale.  Com¬ 
plete  with  tubes.  So.  M4~376.  Set  On/y.  $99.50 


(continued) 


NEW  MIODUCTS 


zinc-plug  types.  The  socket  insert 
assembly  carries  the  latch-lock  de¬ 
vice.  The  construction  of  the  shell 
makes  it  adaptable  to  other  uses 
than  sound,  providing  the  amperage 
requirements  of  the  circuits  do  not 
exceed  the  15-ampere  rating  nf  the 
three  contacts,  and  the  minimum 
flashover  voltage  is  not  more  than 
1,500  volts  (250  V  working  voltage) 
under  normal  conditions.  Bulletin 
XL-SC2  will  be  sent  free  upon  re¬ 
quest. 


Strom  berg-Carlson  Ck).,  Rochester 
3,  N.  Y,  The  DynaTenna,  designed 
for  use  on  both  the  44  to  50  and  the 
88  to  108  me  f-m  broadcast  band,  is 
adjustable  and  can  be  peaked  to  the 
particular  frequency  of  any  indi¬ 
vidual  station  for  maximum  re- 


(44) 


F-M  Antenna 


March.  1947  — ELECTRONICS 


240 


Order  from  the  Central  Source 
for  [verything  in  Radio  and  Electronics 


2c*tcC 

ALLIED 


PHENOL  AND  VULCANIZED 

FIBRE  FABRICATIONS 


m 


Close  tolerances,  any  quantity— 


Volume  production  and  accuracy  of  BAER  phe¬ 
nol  and  vulcanized  fibre  parts  have  resulted 
in  their  wide  specification  for  every  type  of 
product  and  equipment.  Expanded  facilities 
now  make  it  possible  to  offer  BAER  production 
to  manufacturers  needing  quality  parts  to  exact 
requirements.  Write  today  for  Bulletin  120. 

N,  S.  BAER  COMPANY 

7-11  MONTGOMERY  ST.  •  HILLSIDE  N.  J. 


PUNCHED 

STAMPED 

SHAVED 

SAWED 

DRILLED 

MILLED 

TAPPED 


sponse.  The  U-tube  sections  of  the 
antenna  are  designed  on  the  prin¬ 
ciple  of  the  slide  trombone,  are 
easily  adjusted  and  locked  in  place, 
and  are  calibrated  in  frequency 
graduations  on  both  sides.  The  up¬ 
per  side  functions  as  a  quarter- 
wave  folded  dipole  to  cover  the 
lower  frequencies  in  the  44  to  50 
me  band.  The  lower  side  operates 
as  a  half-wave  folded  dipole  in  the 
higher  frequencies  of  the  88  to  108 
me  band.  A  flexible  construction 
permits  erection  for  vertical  as 
well  as  horizontal  polarization.  The 
antenna  is  supplied  with  60  feet  of 
low-loss,  300-ohm,  plastic-covered 
lead-in  wire  recently  standardized 
by  the  industry. 

VTVM  Kit  (45) 

Frederic  D.  Schottland,  82-62 
Grenfell  Ave.,  Kew  Gardens,  N.  Y. 
Only  screwdriver  and  soldering 
copper  are  named  as  requisites  to 
assemble  and  wire  a  complete 
vacuum-tube  voltmeter  that  is  sold 
in  kit  form.  Full  range  is  0.2  to 


> 


gemwav  tuemie  stu 


smSSI! 


COIlSlD» 


important  savings  in  space  and  weight  are  realized 
when  you  design  General  Electric  Selenium  Recti- 
Bers  into  electronic  equipment.  They’ll  give  you  more 
direct  current  per  cubic  inch,  more  per  pound,  than 
Bilernate  types.  General  Electric  offers  a  wide  selection 
of  capacities  and  sizes,  from  the  mighty  midget  pic¬ 
tured  above  which  delivers  4  volts  at  0.1  milliampere 
to  smgle  stacks  rated  at  110  volts,  4  amperes. 

Whatever  your  requirements.  General  Electric 
Sclen  iam  Rectifiers  pack  a  lot  of  punch  where  space 
is  at  a  premium.  They  withstand  extreme  variations  in 


ambient  temperature,  humidity,  and  atmospheric  pres¬ 
sure.  You  can  depend  upon  them  for  long,  faithful  ser¬ 
vice  in  series,  parallel,  or  series-parallel  arrangement. 


For  a  booklet  of  facts  and 
figures,  write  direct  to  Sec¬ 
tion  A-18'331,  Appliance  ^ 
and  Merchandise  Department, 
General  Electric  Company,  . 
Bridgeport  2,  Connecticut. 


GENERAL  m  ELECTRIC 
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TURN  TO  PLAX  FOR  PLASTICS 


Ploi  wppJ»#«  mof*rkils 
low  if«  forms  cm  chodiod. 
Thoy  ore  ovoiloblo  in  o  full 
color  ran90. 


Cellslosc  Acetate 


CeHelose  Acetate 


Ethyl  CeUelese 


Methocrylate 


Petyethyleae 


Vinyls,  Cerex,  Styraloy,  Plexene,  and  cartain  special  copolymers  are  olso 
available  from  Plax,  as  are  special  extruded  shapes  in  most  materials. 


Plax  is  a  leading  source  of  plastics  in 
sheet,  rod,  tube,  and  fiber  blown  forms 
—  also  machined  parts.  This  ability  of 
Plax  to  supply  a  wide  variety  of  plas¬ 
tics  in  a  wide  variety  of  forms  simpli¬ 
fies  your  task  of  obtaining  the  best  type 
of  material  for  your  produa.  Plax  of¬ 
fers  you  many  unique  plastics  develop¬ 
ments,  such  as  the  tough  and  flexible 
Polyflex*  Sheet,  Laminated  Polyflex, 


and  Polyflex  fiber  forms  of  polystyrene. 
At  your  disposal,  too,  is  expert  ad¬ 
vice  on  plastics  applications  by  Plax 
engineers  and  a  comprehen^vft  library 
of  technical  data  (see  list  of  literature). 
These  advantages  point  convincingly  to 
the  wisdom  of  turning  to  Plax  for  your 
plastics  recpiirements  —  for  both  ma¬ 
terials  and  the  guidance  you  may  need 
in  their  application. 

•r.iM.  Reg.  1/.5.  Pat.  OH. 


WRITE  FOR  THIS  POLYSTYRENE  DATA 


Hovif  to  Mochine  Plax  Polystyreno  Products. 

How  to  Uso  Coolants  with  Plax  Pofystyr«n«  Products. 
How  to  Comont  Plax  Polystyrene  Products, 

How  to  Polish  Plax  Polystyrene  Products. 

Notes  on  Design  and  Assembly  of  Plax  Polystyrene 
Products. 

Die^ut  Parts  from  Plax  Polystyrene. 

How  to  Form  Plax  Polystyrene  Rod. 


AND  THIS  PRODUCT  INFORAAATION 

Data  Sheets  on  Plax  Cellulose  Acetate,  Cellulose  Ace¬ 
tate  Butyrate,  Methacrylate,  Polyethylene,  Polysty¬ 
rene  and  Ethyl  Cellulose  Products. 

Article  on  Flax's  Blown  Products. 

New  special  plastic  shapes  by  Plax. 


133  WALNUT  STREET  ★  HARTFORD  5,  CONNECTICUT 
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insiilateiS 


REQUIRE 


UNIVERSAL 

WINDING  MACHINES 


NEW  PRODUCTS 


(centlniHK*) 


300  volts,  20  cycles  to  200  mega¬ 
cycles.  Input  capacitance  is  less 
than  7  n-jif  at  all  frequencies. 


Transmission  Measuring 
.Set  (46) 

Tech  Laboratories,  Inc.,  337  Cen¬ 
tral' Ave.,  Jersey  City  7,  N.  J.  A 
completely  selfcontained,  a-c  oper¬ 
ated  measuring  set  combines  the 


SENSITIVE  RELAYS 

have  proven  themselves  in 
countless  applications: 

Temperature  Control 
r  Vacuum  Tube  Circuits 

r  Fire  and  Burglar 
Alarms 

r  Telephone  Dialing  .. 
0^  Aircraft  Controls 
r  High  Speed  Keying 
. . .  and  many  others. 


On  the  No.  102  Universal  Coil  Wind¬ 
ing  Machine,  machine  production  is 
synchronized  with  the  time  required 
to  perform  manual  operations. 

One  operator  supervises  'several 
winding  heads  (two  tS  -six)  simultane¬ 
ously,  and  winding  is  so  scheduled  that 
certain  heads  are  producing  while  man¬ 
ual  operations  are  performed  on  other 
heads. 

Winds  on  forms  or  directly  on  jcores 
or  bobbins  .  .  .  each  head  controlled  by 
electric  counter  which  automatically  dis¬ 
engages  clutch  upon  coil  completion 
.  .  .  readily  adjustable  mechanism  for 
governing  wire-layer  length,  eliminating 
extra  cams  .  .  .  traverse  changes  easily 
made.  ^ 

Write  for  Bulletin 
102.  Universal  Wind- 
ing  Company,  P.  0. 

Box  1605,  Provi- 

For  Winding  Coils 
in  Quantity f  Automatically, 
Accurately —  Use  . . 

89B*6*2 


functions  of  an  accurate  vacuum- 
tube  voltmeter,  fixed-frequency  au¬ 
dio  oscillator  with  four  settings, 
and  precision  attenuator.  Designed 
for  broadcasters,  it  measures  gain 
up  to  80  db  and  losses  down  to  60 
db.  The  precision  attenuator  is  flat 
to  20  kilocycles. 


SIGMA 


SIGMA'S  (pccUlty  ic  com¬ 
bination  of  a  fino  relay  and  an 
vnuraally  thorough  approach  to 
your  ipocific  application  problom. 

SIGMA  standard  relays  aro 
available  with  various  onclosuros 
including  fixed  mountings,  5 -pin, 
and  octal  male  plug  bases. 

New  relays  arc  being  devel¬ 
oped  for  special  purposes.  Send 
your  requirements  to  SIGMA  for 
dependable  relay  recommenda¬ 
tions. 


Literature. 


(47) 

Wiring  Aid.  Star  Expansion  Bolt 
Co.,  147  Cedar  St.,  New  York  6, 
N.  Y.  A  miniature  socket  wiring 
plug  and  miniature  tube  pin 
straightener  used  in  production  of 
small  electronic  equipment  have 
been  pictured  in  a  small  brochure. 


(48) 

Servo  Unit.  W.  C.  Robinette  Co. 
802  Fair  Oaks  Ave.,  South  Pasa 


RELAYS 

62  Ceylon  St,  Boston  21,  Mass. 
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ttOOEL  430  SERIES 


Univarsol  favorh^s  for  olotirleol  fosttng  and  mafnto* 
nance  •  •  .  compact  and  extremely  rugged,  high-visibility  mirror 
scoles  and  knife  edge  pointers,  accuracy  and  dependability  in  the 
WESTON  tradition  ...  all  at  relatively  low  initial  cost.  Available 
for  all  AC  and  DC  requirements.  See  your  nearest  WESTON  repre¬ 
sentative  or  write  direct . . ,  Weston  Electrical  Instrument  Corporation, 
618  Frelinghuysen  Avenue,  Newark  5,  New  Jersey. 


WinOK  FIECIRICAL  IkSTRUMFNT  C0F^ 


-jsm 


Electronics— More*.  im7 


Wcsion 

lUWT  •  ITUUnt  •  lUTM  •  MfMU  •  CUttlTTE  •  MOUl  •  CMOMUn  •  CUVEUM  •  MUIS- 
Kara  •  KTWT  •  ucuMvtu  •  nimu  •  in  mkob  •'  Hnca  •  MaKimis  •  ionh 
KR  HUMS  •  an  TMM  •  nauioiau  '•  nNnii  •  mrann  •  ucaBTu  •  sm  riaacaca 
ttITTU  •  ST.  UMS  •  STUCia  •  ■  CMIM.'  aMTKia  OBTIX  O,  111..  NROITt  lORS.  111.  ) 


PHOTO  ELECTRIC 
,  -  CELLS 


BRADLEY 

LABORATORIES,  INC 


82  Meadow  St.  New  Haven  10,  Conn 


NEW  PRODUCTS  (eontinuad) 

dena,  Calif.  The  Motron  servo  unit 
model  61A  is  a  packaged  continu¬ 
ous  balance  control  system  of  great 
sensitivity  that  can  be  applied  to 
automatic  control  or  regulation  of 
equipment.  An  illustrated  sheet 
H-26  can  be  had  from  the  company. 


To  hold  refrigerator  I  ||^ 

shelf,  attach  extruded 

plastic  strip  to  interior 

wall.  Wall  must  be  air-tight,  porcelain' 

ized  metal  must  not  be  chipped. 


(49)  • 

Insulators.  Centralab,  900  E 
Keefe  Ave.,  Milwaukee  1,  Wis.  A 
new  catalog  includes  28  pages  of 
information  on  standards,  design 
criteria,  body  characteristics  and 
common  shapes  of  various  cear- 
mic  insulators.  Included  is  data 
on  metallized  ceramics  and  printed 
circuits. 


solved  it 


(50) 

Tube  Socket  Guide.  E.  F.  Johnson 
Co'.,  Waseca,  Minn.  The  1946  edi¬ 
tion  of  the  tube  socket  guide  is  in 
effect  a  detailed  catalog  of  the 
company’s  sockets  and  connectors 
together  with  applications  and 
illustrations. 


Turn  Light  Into  Current 


Bradley’s  Luxtron*  photo¬ 
cells  convert  light  into  elec¬ 
trical  current.  No  addi- 
tiotul  source  of  voltage  is 
required.  Light-actuated 
Bradley  cells  provide  con¬ 
trol  devices  that  give  the 
longest  life  and  need  the 
least  maintenance. 

In  addition  to  the  housed 
model  shown,  with  its 
plug-in  contacts,  Bradley 
also  offers  tube  socket,  nut- 
and-holt  types  and  pigtail 
contaa  mountings.  . 

The  shapes  of  Luxtron 
photocells  varyirom  circles 
to  squares,  with  every  in- 
between  shape  desired. 
Their  sizes  range  from  very 
small  to  the  largest  re¬ 
quired. 

•T.  M.  Re*.  U.  S.  Pet.  Off. 


(51) 

Tube  Data.  Amperex  Electronic 
Corp.,  25  Washington  St.,  Brook¬ 
lyn  1,  N.  Y.  An  8-page  booklet  con¬ 
taining  tube  data  reference  tables 
describes  the  complete  line  of 
transmitting,  rectifying  and  indus¬ 
trial  tubes  manufactured  by  the 
company. 


8-32  thread  blind-end  aluminum  Riv- 
nuts  were  inserted  through  holes  in 
porcelainized  metal  into  insulating  ma¬ 
terial.  Operated  from  one  side  only, 
simple  header  tool  upset  them.  The 
plastic  strip  was  placed — screw  attach¬ 
ments  entered  into  holes  and  tightened 
in  clean  threaded  Rivnuts.  Head  of 
Rivnut  kept  wall  air-tight,  did  not  chip 
metal  sheet.  Installation  time  and 
money  were  saved  because  wall  section 
didn’t  require  removal . . .  maintenance 
was  made  easier.  Perhaps  this  applica¬ 
tion  might  point  the  way  to  the  solution 
of  your  fastening  problem. 


C52) 

Portable  Rectifier.  W.  Green  Elec¬ 
tric  Co.,  Inc.,  130  Cedar  St.,  New 
York,  N.  Y.  The  model  725S1C 
portable  rectifier  with  output  of 
25  amperes  from  0  to  6  volts  is 
completely  described  in  literature 
available  from  the  manufacturer. 


illustrated  literature, 
available  on  request, 
shows  more  models  of 
Bradley  photocells,  plus 
a  line  of  cqpper  oxide 
and  selenium  rectifiers. 
Write  for  "The  Bradley 
Line." 


(53) 

Ball  Bearings.  New  Hampshire 
Ball  Bearings,  Inc.,  2  Main  St., 
Peterborough,  N.  H.  Bulletin  47 
describes  a  new  line  of  small  ball 
bearings  suitable  for  instrument 
and  small  mechanisms  use. 


Illustrated  Rivnut  facts 
at  your  fingertips.  How  to 
install,  uses,  types,  test 
data,  tools.  Write  today 
for  your  free  copy  to  The 
B.  F.  Goodrich  Company, 
Dept.  E-37,  Akron,  Ohio. 


(54) 

Bulletins.  Sylvania  Electric  Prod¬ 
ucts,  Inc.,  500  Fifth  Ave.,  New 
York  18,  N.  Y.  Data  sheets  on  sev¬ 
eral  of  the  company’s  new  products 
have  just  come  off  the  press.  Bul¬ 
letin  EC-24  describes  the  use  of 


B.E  Goodrich 


It's  a  rivet—  lt*s  a  nutplate 
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Manufacturers  of  Precision  Electrical  Resistance  Instruments 


NEW  PRODUCTS  (continued) 

the  hydrogen  thyratron  type  4C35. 
Bulletin  EC-23  giv^s  further  infor¬ 
mation  on  the  type  R4330  elec¬ 
tronic  flash  tube.  Germanium  and 
silicon  crystals  are  covered  in  bul¬ 
letins  EB-6  and  EC-22B. 


ANOTHER 
SPECIAL  BY 
PROGRESSIVE 


(55) 

Marine  Radiotelephone.  Radioma¬ 
rine  Corp.  of  America,  75  Varick 
St.,  New  York  13,  N.  Y.  A  new 
two-color  folder  details  the  fea¬ 
tures  of  a  75-watt  radiotelephone 
transmitter-receiver  combination, 
model  ET-8012-D.  The  transmitter 
has  ten  crystal-controlled  chan¬ 
nels  and  a  nine-tube  receiver  is 
used  for  two-way  communication. 


...r  UPC  I 


(56) 

Phototube.  Radio  Corp.  of  Amer¬ 
ica,  Harrison,  N.  J.  A  high-vac- 
uum,  blue-sensitive  phototube, 
type  1P42,  recently  announced,  is 
completely  analyzed  in  a  leaflet 
now  available.  The  tube  has  been 
designed  particularly  for  control 
purposes  in  applications  where 
space  limitation  is  of  prime  con¬ 
sideration,  the  maximum  diameter 
of  the  tube  being  i  inch. 


HOtVfOOO 


(57) 

Vibration  Pickup.  The  MB  Mfg. 
Co.,  New  Haven,  Conn.  A  four- 
page,  two-color  leaflet  pictures  all 
aspects  of  an  interesting  magnetic 
pickup  used  for  industrial  vibra¬ 
tion  analysis. 


(58) 

Audio  Components.  Burnell  and 
Co.,  10-12  Van  Cortlandt  Ave., 
East,  Bronx  58,  N.  Y.  High-Q  tor¬ 
oidal  coils,  equalizers  and  attenu¬ 
ation  Alters  are  described  in  a 
four-page  two-color  catalog  re¬ 
cently  issued. 


(59) 

Resistor  Bulletin  Resistors,  Inc., 
2241  South  Indiana  Ave.,  Chicago 
16,  Ill.  A  new  catalog  bulletin  of 
resistor  data  on  the  full  line  of  the 
company’s  resistors  and  windings 
is  now  available.  Write  for  bulletin 


*‘N*w  Tlwi  N«w  Modes",  toys  eld  proverb.  These  new 
attenuators  were  bem  to  meet  new  war-created  demands. 
They  represent  a  new  medium  frame  size:  Type  800  (7 Vs" 
dia.)  and  a  larger  size:  Type  900  13"  dia.I.  The  Type  800 
is  supplied  as  petentiemeter,  rheostat,  ladder  and  -T-pad  up 
to  20  steps.  The  larger  size  Type  900  is  similarly  furnished 
with  up  to  45  steps.  Write  for  new  bulletin. 


(60) 

Graphic  Pyrometer,  Leeds  and 
Northrop  Co.,  4934  Stenton  Ave., 
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920  S.  Michigan  Ave.,  Chicago  5 


90  West  St.,  New  York  6 


•CAPACITANCE 


TYPE  650VA 

Impedance  Bridge 


NO  laboratory,  in  which  any  electrical  equipment  is  usm,  is  complete  without  this  ^ 
bridge.  Completely  self-contained,  portable,  and  accurate*  enough  for  mqst  routing 
measurements,  the  popular  Type  650-A  Impedance  Bridge  is  always  set  up  and  ready 
to  use.  With  it  you  can  measure  these  basic  quantities  over  these  ve‘ry  wide  ranges — 
INDUCTANCE:  1  microhenry  to  100  henrys;  CAPACITANCE:  1  micromicrofarad  to 
100  microfarads;  RESISTANCE:  1  milliohm  to  1  megohm.  In  addition  it  measures 
DISSIPATION  FACTOR  (R/X)  from  .002  to  1,  and  STORAGE  FACTOR  (X/R  or 
Q)  from  .02  to  1,000. 

The  bridge  includes  built-in  standards,  batteries,  a  1,000-cycle  tone  source  for 
a-c  measurements,  a  zero-center  galvanometer  null  indicator  for  dc  and  terminals  for 
a  headset  for  1,000-cycle  null  detection. 

Provision  is  made  for  use  of  an  external  generator  for  measurements  over  a  wide 
range  from  a  few  cycles  to  10  kilocycles. 

Direct-reading  dials  add  greatly  to  the  ease  and  rapidity  with  which  measure¬ 
ments  can  be  made  with  this  universal  bridge. 


WRITE  FOR  COMPLETE  INFORMATION 
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HARVEY 


HAS  PRESTO 


Th«  Pr«$to  6-N  rvcording  turntable  it  offered 
at  a  replacement  unit  for  the  Pretto  6-0, 

hwndredt  of  which  are  now  in  operation 

-in  broodcoeting  ttoliont  and  ttudiot. 


The  overbeod'^tting  mochoniMi  hot  been 
redetigned  ofid  it  removable  at  a  unit  to 
ttore  Ini  'o  pocket  -intide*  the  eoee  for  tafei* 
trontportofionV  Tbe  cutting-  head  .  weight 
rettt  entirely  on  tare  ilider  bort.  Mechani¬ 
cal  vibration  it'  reduced  fary-  the  ate  of  o 
heovier  turntable  bote,  tfeod  mounting 
it  integrol  with  bate  and  new  detign  per- 
mitt  quick  alignment  of  mechanitm  with 
turntable. 

The  6-N  it^  available  J|t  three  form*: 
Chottit  only  . .  •  -  •  •-  .$690 

In  1-B  portoble  cake,  r .  735 

•  fn  4-A  floor  cabinet .........  821 


PRESTO  8a-A  AMPLIFIER 

The  8S-A  complementt  itot  only  the  6-N 
recorder,  but  any  recording  channel.  It  hat 
three  calibrated  retponte  curvet.  No.  I,' 
flat  from  50  to  17,000  cpt.;  No.  2,  com¬ 
plementt  NBC  Orthocouttic  playback  tyt- 
tem]  No.  3,  complementt  ttandord  high 
fidelity  playback  tyttemt.  Gain  85  db. 
Power  output  50  woHt.  Dittortion  lett 
than  l%% . $345 

Harvey  carries  a  'complete  ling  of  Pr»$to 
•quipmgnt  in  stock  at  all  times  for  imme¬ 
diate  dglivary. 

Note:  All  prices  quoted  FOB  New  York  and 
subject  to  change  without  notice. 


K>3  Wost  43rd  $».,  New  York  18,  N.  Y. 


,  NEW  PRODUCTS  (continued) 

Philadelphia  44,  Pa.  Catalog 
ND46(1)  illustrates  the  Speedomax 
type  G  recorder  primarily  designed 
for  pyrometers.  Single  or  multiple 
temperatures  "can  be  recorded  on 
the  same  sheet. 

(61) 

Transmitter  Parts.  E.  F.  Johnson 
Co.,  Waseca,  Minn.  The  capaci- 
tanced  general  products  catalog  No. 
969  covers  variable  transmitting 
;  capacitors,  inductors,  tube  sockets, 
and  other  items  as  well  as  new  lines 
such  as  multiwire  connectors,  dial 
lights,  and  tip  plugs. 

(62) 

Synthetic  Rubber  Insulation.  Sim¬ 
plex  Wire  and  Cable  Co.,  79 
Sidney  St.,  Cambridge  39,  Mass.  A 
12-page  slick-paper  report  to  indus¬ 
try  on  synthetic  rubber  insulations 
used  by  the  company. 

1  (63) 

Components  Catalog.  Cambridge 
Thermionic  Corp.,  446  Concord 
Ave.,  Cambridge  38,  Mass.,  has  just 
issued  a  new  20-page  tabbed-section 
catalog  with  specification  sheets 
giving  data  on  all  its  products  ex¬ 
cept  crystals.  Copies  are  available 
from  Dept.  4. 

^(64) 

Receiving  Tubes.  Radio  Corp.  of 
America,  Harrison,  N.  J.  A  new  16- 
page  booklet  titled  “Receiving  tubes 
for  television,  f-m  and  standard 
broadcasting”  (form  1275-C) 
charts  characteristics  and  socket 
connections.  Tubes  are  classified  in 
various  convenient  ways  and  the 
booklet  sells  for  10c. 

(65) 

Radio  and  Industrial  Tubes.  Radio 
Corp.  of  America,  Harrison,  N.  J. 
A  16-page  booklet  entitled  “Power 
and  gas  tubes  for  radio  and  for  in¬ 
dustry”  (form  PG-101)  has  been 
compiled  so  as  to  present  the  sub¬ 
ject  information  with  clarity  and 
simplicity.  Copies  can  be  obtained 
at  10c.  each. 

(66) 

Recording  Materials.  '  Eastman 
Kodak  Co.,  343  State  St.,  Rochester 
4,  N.  Y.  A  new  44-page  booklet 
describing  photographic  recording 


It  Will  Pay  You 
to  Adapt  This 
HERMETICALLY 
SEALED 
2  TERMINAL 
CRYSTAL 
HOLDER... 


FOR  USES  SUCH  AS: 


_  Hermeti¬ 
cally  sealed  thermostat  housings, 
rectifiers,  relays,  coils,  heaters,  etc. 


WHY: 


Saves  space  and  weight 
.  .  .  impervious  to  all  elements  .  . . 
can  undergo  variations  in  tempera¬ 
ture  without  loss  of  resistance  .  .  . 
no  condensation  within. 


DIMENSIONS: 


Approximately 
X  %"  oval;  cover  Vi"  or  %" 
in  height. 


FEATURES: 


Made  of  glass  and 
metal  for  unrestricted  use.  Ter¬ 
minals  available  in  any  height, 
inside  and  out.  May  be  had  with 
special  spring  mounting  on  the 
inside.  Base  hot  tin  coated.  Assem¬ 
bly  can  be  crimped  or  soldered 
with  simple  tools.  Resistance  over 
10,000  megohms.  Cover  —  nickel 
silver,  brass  or  steel.  Over  1  Vi 
million  pieces  built  in  1946. 


WRITE: 


Submit  your  require¬ 
ments  for  samples  and  estimates. 


HERMETIC  SEAL 
PRODUCTS  COMPANY 


414-4)8  M08BIS  AVE.,  NEWARK  3,  N.  J. 
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NEW  PRODUCTS  (continued) 

materials  for  U8e*,with  cathode-ray 
tube  oscillographs,  galvanometer 
oscillographs,  and  similar  instru¬ 
ments  is  obtainable  on  request. 
Equipment  and  technique  are  dis¬ 
cussed,  and  a  table  of  relative 
speeds  of  dims  and  papers  is  pro¬ 
vided. 


(67) 

Precision  Testing  Equipment. 
General  Radio  Co.,  275  Massachu¬ 
setts  Ave.,  Cambridge  39,  Mass. 
Catalog  K,  Fifth  Edition,  has  re¬ 
cently  been  mailed  out.  It  describes 
the  complete  line  of  frequency 
standards,  signal  generators,  moni¬ 
tors,  and  components.  Included  is  a 
new  price  list. 


(68) 

Low-Loss  Leadin.  General  Electric 
Co.,  Syracuse,  N.  Y.  A  single-sheet 
catalog  bulletin  tots  up  the  char¬ 
acteristics  of  two  types  of  SOO-ohm 
parallel  twin-conductor  cable  for 
television  and  f-m  and  the  some¬ 
what  similar  lOO-ohm  r-f  cable. 


(69) 

Vacuum  Tube  Voltmeter.  Reiner 
Electronics  Co.,  Inc.,  152  West  25th 
St.,  New  York  1,  N,  Y.  A  single 
sheet  tells  about  the  Model  451 
vacuum-tube  voltmeter  and  the 
Model  101  amplifier  that  can  be 
used  to  increase  its  sensitivity  a 
hundredfold. 


(70) 

Volume  Control  Index.  Clarostat 
Mfg.  Co.,  Inc.,  130  Clinton  St., 
Brooklyn  2,  N.  Y.  The  volume  con¬ 
trol  cross-index  guide  is  a  collec¬ 
tion  of  cards  printed  on  both  sides 
with  the  complete  cross-index  of 
corresponding  type  numbers  of 
four  leading  volume-control  manu¬ 
facturers,  arranged  numerically. 
The  guide  is  free  from  distribu¬ 
tors  or  by  writing  the  company. 


Just  oflF  the  press— 48  exciting  pages  of  radio  parts,  equipment,  and 
supplies  for  dealers,  servicemen,  amateurs,  maintenance,  testing, 
building  and  experimenting— Thousands  of  items  NOW  IN  STOCK 
and  ready  for  IMMEDIATE  SHIPMENT!  Big  feature  sections  of 
Radio  Sets,  Communication  Receivers,  Amplifiers,  Ham  Gear, 
Record  Players  and  Portables,  Record  Changers  and  complete  Sound 
Systems.  Page  after  page  of  bargains  and  special  values  in  top- 
quality  standard-make  radio  and  electronic  parts. 

Mail  Coupon  NOW  for  FREE  COPY 

Mail  coupon  below  TODAY  for  your  FREE  COPY  of  this  latest 
Concord  Buying  Guide  and  Bargain  Catalog  of  Radio  and  Elec¬ 
tronic  needs  you  can  order  for  SAME  DAY  SHIPMENT  from 
complete  stocks  in  Chicago  and  Atlanta.  ^ 

^  . 


Tube  Registry - 

Tube  Typee  Registered  by  RMA  (Starting 
Oct.  1946) 


Type  5558 

Half-wave  mercury  rectifier,  heater 
type,  heating  time  5  min.;  tempera- 
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•^AWPRICAN 


electric  company 


DISCS 


a  capacitor  for  every  application 


Confidence  in  Amcon 
Capacitors  has  been 
earned  on  the  simple 
basis  of  performance. 
They  do  the  job  they 
were  designed  to  do  — 
'  efficiently  and  over  long 


an 

RECORDING 


Look  for  this  trademark. 
It's  your  gu^nitee 
of  quality. 


Amcon  precision  engineering  means  un¬ 
failing  dependability. 

WRITE  FOR  CATALOG 


^  AMERICAN  CONDENSER  CO. 

4410  N.  Ravenswood  Ave.,  Chicago  40,  Illinois 


TRANSMITTING  AND 
SPECIAL  PURPOSE  TUBES 

sai 


m 


m 


ffailLBkAUJ.LTnCT 


NEWARK  NOW  AGENTS  OF 
WAR  ASSETS  ADMINISTRATION 

Newark  has  been  appointed  agents  of  the 
War  Assets  Administration  for  transmitting 
and  special  purpose  electronic  tubes. 

HUGE  STOCKSl  WIDE  SELECTION! 

This  means  that  you  can  now  get  prompt 
Newark  service  on  the  previously  hard-to- 
get  tubes,  priced  at  a  fraction  of  their 
original  cost.  Make  Newark  your  head¬ 
quarters  for  tubes  —  whether  it's  for 
experimental  work  or  production  runs. 

ACTING  AS  AGENTS  FOR  WAR  ASSETS  ADMIN¬ 
ISTRATION  UNDER  CONTRACT  WAS(p)  7-167 


•  MAIL  AND  PHONE  ORDERS 
PULED  PROMPTLY 


•  WRITE:  242-R  WEST  SSih 
STREET.  NEW  YORK  CITY 


EQUIPMENT 


ALLIED  Discs  ore  favored  by  noted 
broadcasters  and  other  users,  for  their 
high  fidelity.  Test  them  on  your  work. 
One  of  the  first  companies  to  make 
instantaneous  recording  ecpiipment. 
ALLIED  offers  you  Ihe  benefits  of  its 
seasoned  skill. 

Write  tor  our  New  Descriptive  Bulletin. 


RECORDING  PRODUCTS  CO. 

21-09  43S  Ave..  LONG  ISLAND  CITY  I,  N.  Y. 


WASHERS 


make  better 
Electronic  Products 

You  know  the  washers  ” 
are  nqhi  when  they  are 
"Quadriga".  More  than 
50  years  of  production 
know-how  means  thor- 

ough  washer  protection.  - — 

Prompt  delivery  of  any 

Sand  for  Catalog. 

ALSO  SMALL  Mi  vi 
METAL  STAMPINGS 


The  Quadriga  Manufacturing  Co. 

221  A  Meet  Greed  Ave..  Ch6ss«e  It.  MNwi* 
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CpP^C■^ 

/’ 


48,000  RPW 


IOV2  x53/8  *10'/2 
Weighs  only  I9V2  lbs. 


(centliiuad) 


new  products 


CONTROLLING 
iMERCURT  TEM-' 
VPERAroRE  / 
\  level  / 


SRODE” 
RETURN 
TERMINAL 
AND  K 


ture  ranffe,  +30  to  +60  F; 
quency,  150  cycles,  basing  3W, 


Type  4D23 

Tetrode  power  amplifier/oscillator, 
^lament  type,  special  glass  enve- 


6.0  V 
7  5  amp 
4,000  V  (max) 
00  ma 
400  V 

2,800  Mmhos 
11.6 

4 .35  md 
0 .06  mmI 
150  watu 


This  nktvly  developed  stroboscope  employs  a^ovel  circular  ar¬ 
rangement,  using  a  self-blocking  oscillator;' Rotary’ or  vibratory 
motion  can  be  "stopped’*  when  the  moving*  object  is  examined 
with  stroboscopic  light  source.  The  speed  covered  is  from  6OO  to 
48,000  RPM  (10-800  CPS),- in  4  ranges.  A  synchronized  reed  is 
provided  for  accurate  calibration  against  the  line  frequency. 

A  Valuable  aid  in  industry  for  the  slow-motion  study  of  rotating, 
reciprocating,  or  vibratory  mechanisms,  CML  1210  is  also  useful 
for  studying  mechanical  stresses  and  strains  under  dynamic 
conditions. 

i 

The  light  source  is  contained  in  a  probe  attached  to  a  4-foot 
flexible  cable.  This  unusual  feature  makes  CML  1210  especially 
useful  when  using  the  Stroboscopic  light  in  small  out-of-the-way 
places.  The  light  probe  and  cable  are  housed  in  the  cabinet  when 
the  Stroboscope  is  not  in  use.  The  handle  of  the  probe  b  then 
used  to  carry  the  instrument. 


lope;  maximum  ratings  in  Class  C 
operation  up  to  120  me ;  basing 
5BK. 


Type  4C32 

Triode  power  amplifier/oscillator. 


5,500  Mmhoo 
5.5  mmI 
1.1  Mft 
5.8  mmI 
200  watts 


Inquiries  Invited.  Descriptive  Bulletin  Available 


filament  type,  special  glass  enve¬ 
lope,  maximum  ratings  up  to  60  me, 


120  GREENWICH  STREET.  NEW  YORK  6.  N.  Y. 

.  « 

Sales  Offices:  CHICAGO:  612  N.  Michigan  Ave— WASHINGTON :  924  19th  St.,  N.W, 
PHILADELPHIA:  Van  Dam  Buildings  10th  and  Market  Sts. 


Type  5559 

Triode  thyratron,  heater  type,  heat¬ 
ing  time  5  minutes ;  ionization  time, 
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''One  Good  Him  -  or  e  Million** 


For  YOU! 

We'U  take  POST  *  POT  *  SV  * 
SJ  *  2,  3  and  4  conductor.  S,-2 
and  3  conductor  and  heater 
cord.  _ 

We'll  mgke  it  into  CORD  SETS 
with  Electrix,  Allied  Glade, 
Corlinq  or  Gilbert  plugs. 

We'll  put  on  Eyelets,  >  Lugs, 

-  Connectors  -  Ground  Jacks,  - 
Loops,  -  Markers,  -  Etc. 

We'll  attach  Diamond,  -  So- 
reng,  -  Woodwin  Female  Pluq^s 
or  Cutler-Hammer,  Carling 
heater  attachments,  or  feed 
thru  switches. 

We'll  make  up  any  special 
types  of  cord  set  or  cable  you 
require.  Samples  and  Prices 
on  Tequest. 

COLUMBIA 

WIRE  AND  SUPPLY  COMPANY 

5734  North  Elston  Avo. 
Chicago  30,  III. 

Spring  ISIS 


*  H*r*,  is  axpondad  plant  facilitiM,  CRACOIL  Coils  and  Tfanslormsrs  ars  sxpsrtly  dssiqnsd 
and  built  to  oxact  spocifications.  Plan  tout  noxt  product  with  GRACOILS. 

.  THE  GBAMEB  COMPANY 


Estoblisksd  is  1*35 


Electrical  Coils  and  Transformers 

2734  N.  PULASKI  RD..  CHICAGO  39.  ILL. 


eight  years  ago 


The  "doddy"  of 
screw-type  pow 
dered  iron  cores— 
mode  8  yeors  ago. 


enfUC  PIONEERED 

the  manufacture  of 

SCREW-TYPE 
POWDERED 
IRON  CORES 


. .  .  today  Pyroferric 
i$  manufacturing  a 
full  line  of  standard 
sized  Powdered  Iron 
Screw-type  Cores  of 
varying  lengths,  with 
standard  threads,  as 
well  as  its  complete 
line  of  powdered 
iron  cores,  with  and 
without  inserts. 


For  Powdered  Iron  Cores  to  meet  your 
specification  address  your  inquiry  to 


YRO 

1  75  VARICK  ST  . 


r 


ERRIC  VO. 

NEW  YORK  14,  N.  Y. 


ARGON 

HELIUM 

KRYPTON 

NEON 

XENON 


and  Standard  or  Special 

MIXTURES 

Linde  rare  gases  are  spectroscopically 
pure — argon,  helium,  neon,  and  standard 
mixtures  are  available  in  one-  and  two- 
liter  glass  bulbs  and  in  cylinders;  xenon 
and  krypton  are  available  in  liter  ond 
fractional-liter  bulbs. 


Th.  word  "Lind."  is  a  trodo-mark  of 


The 


Linde  Air  Products  Company 

L/n.»  c  orb  de  and  Cojbon  Co'po’of  an 

30  Eos'  42nd  5*.  |l ! d  d  New  York  17, 
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Instruments  to 
measure  every 
L  phase  of  a 
^  radiation  M 


THE  VICTOREEN  INSTRUMENT  CO 
5806  HOUGH  AVENUE 
CLEVELAND  3,  OHIO 


(continiiad) 


new  WOOUCTS 


Twenty  years  devoted  exclusively  to 
the  pr^lems  of  radidtipn  measurement 


-  -6.9v 
1 ,000  V  (max) 
1,000  V  (max) 
-  500  V 
200  amp  (0.1 
sec  surfte) 
0.25  amp 
10  MMf 
2.5  fi/jf 


Sr»nl**l 


GRID 

AND 

\AN00E 

IRETURN 


10  microseconds;  deionization  time, 
1  millisecond;  basing, 4BL. 


Type  5561 

Half-wave  mercury  rectifier,  heater 
type;  heating  time  5  min;  tempera- 


SabaiMvtara  alac- 
troiiMtar  tubas 
aspaciolly  dasiqa* 
ad  for  circuits 
usad  in  radiation 
moosuramant. 
Availobla  a  s 
diodas,  tatrodas, 
triodos,  pantodas. 


Hi'MOfohm  rasU- 
tors  voluos  from 
100  to  10,000,000 
moqohms.  For 
Onar  iastrumanta- 
tion  roquirinq  sta¬ 
bility  ond  ac¬ 
curacy. 


o  V 

10  to  10.75 

amp 

15  V 

10, (KX)  V 
(max) 

80  amp  (0 . 1 
sec  surge) 


Model  337  Cai9ar-Muallor 
Countar.  A  scalin9  circuit  of 
top  ronhinq  quoli^  wHb  b«|(lt- 
ia  2000  volt  pawar  sup^y  and 
inqanionsly  naw  vottoqa  raqulo- 
tian.  .  ■ 


A  complata  saqnanca  of  maasnriof 
instrnmants  for  industrial  -t  rasaoralk 
control  and  protaction  covaiiM  mrai|l|S 
qommo,  bato  and  alpha  rodlattan. 


NOr  A  NODE 

USED  RETURN 

AND  CATHODE 

ture  range,  —25  to  +50  C;  fre¬ 
quency  150  cycles. 


Type  5556 

Triode  power  amplifier  oscillator, 


Modal  311  —  ve 
sarlas  Caiqar- 

Mnallar  Tnbas. 
Fradnction  con- 
trollad  to  closa 
tolarancas  ovail- 
obla  in  mica  win¬ 
dow  thicknassas 
from  3.0  to  4.5 
mq.  par  cm>. 


Modal  340  val- 
t  a  q  a  raqulsrtw' 
unit  os  usad  in 
scalar.  Adaptobla 
whara  voltaqa 
raquiatian  r  a- 
quiras  dot  top, 
accuracy  and 
snoca  consarvo- 


4  5  V 

1 . 1  amp 
3.50  V 
19  ma 

-  20  V 

8  5 
1,330 

2  .3  MMf 

3  1  /i»if 
7  .7  MMf 

40  ma  (max) 
7  .5  watts 


Modal  243  -  Gamma  ‘  and  Bata  Countar, 
portabla,  compact,  nniqna.  Gaiqar-Mnal- 
lor  tuba  convaniontly  mountad  in  axtamal 
proba.  Roantqan  calibratad  for  qamma  . 

radiation.  Equippad  with  aor  phonos. 

Writa  for  complata  information  on  any  of  thasa  instrumants  or  any  othar  problam 
on  radiation  maasuromant.  Wa  hava  -  instrumants  dasiqnad  for  ovary  application. 


filament  type,  maximum  ratings  to 
6  me,  basing  4 AX.  .  •  - 
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BETTER 

THAN 


FREQUENCY  CONTROL 


i|i|  i.iii 


'TTn'  f  1 1'T'T 


iiillliilll*, 


BUCTrADIO,  INC 


NEWS  OF  THE  INDUSTRY  1 

(continued  from  p  154)  1 

slapped  on  everything  having  to  do 
with  nuclear  physics. 

Among  the  important  items  in 
this  group  of  documents  are  papers 
by  Dr.  Enrico  Fermi  on  “Elemen¬ 
tary  Theory  of  the  Chain-Reacting 
■  Pile,”  Dr.  H.  Fridell  on  “Atomic 
Energy  and  Cancer,”  Dr.  D.  E.  Hull 
on  “The  Counting  Method  of  Iso¬ 
topic  Analysis  of  Uranium,”  Dr.  A. 
C*  Klein  on  “Atomic  Bomb  Engi¬ 
neering,”  and  Dr.  C.  R.  McCullough 
and  Dr.  H.  E.  Hawk  on  “The  Dan¬ 
iels  Atomic  Power  Plant.” 

In  general,  the  papers  report  on 
a  wide  variety  of  technical  discov¬ 
eries  in  mathematical,  physical, 
chemical,  engineering,  and  medical 
fields.  Most  are  of  extremely  high 
scientific  level,  prepared  by  individ¬ 
ual  scientists  who  have  worked  or 
are  working  on  the  atomic  project, 
not  official  Atomic  Energy  Commis¬ 
sion  documents. 

Atomic  energy  papers  are  declas¬ 
sified  at  the  Qinton  Laboratories, 
Oak  Ridge,  Tenn.,  by  the  Manhat¬ 
tan  Project  Editorial  Advisory 
Board.  This  board  is  composed  of  a 
group  of  civilian  scientists  who  act 
as  a  voluntary  review  committee  to 
advise  the  officials  of  the  Manhattan 
District  which  papers  can  safely  be 
made  public,  and  which  should 
.await  completion  of  arrangements 
for  the  international  control  of 
atomic  energy  before  they  can  be 
released. 

After  the  Board  has  cleared  a 
document,  Manhattan  District  offi¬ 
cials  review  the  decision  and  in  the 
great  majority  of  cases  approve  the 
declassification  and  send  the  paper 
to  the  main  office  of  the  Atomic  En¬ 
ergy  Commission  in  Washington. 
From  there  it  is  transmitted  to  OTS 
for  actual  release  and  dissemina¬ 
tion. 

Many  of  the  papers  have  already 
appeared  in  various  journals,  and 
others  have  been  released  for  gen¬ 
eral  information,  for  use  in  lectures 
on  nuclear  physics,  and  for  guid¬ 
ance  in  preparing  discussions  of 
atomic  energy. 

Abstracts  of  all  270  papers,  with 
microfilm  and  photostat  prices  of 
each,  have  been  prepared  in  the 
form  of  a  lithographed  report  on 
Nuclear  Physics  by  the  Office  of 
Technical  Services,  Department  of 
I  Commerce,  Washington  25,  D.  C.  A 
rough  breakdown  gives  8  papers  on 


WhlU  Bud  Radio.  lac.  doot 
aot  adhore  to  tradition  by  •<|uipping 
its  Eaginooring  and  Solos  Dopartmonts 
with  coon-skin  caps,  they  ore  still  pio¬ 
neers  in  the  Radio  Parts  Industry.  Ccp- 
stcmtly  on  the  alert  for  new  ideas  they 
hare  discorered  another  "MUST."  that 
Is  the  answer  to  your  .needs. 

The  NEW  BUD  OES.  RES  AND  VES 
SERIES  OF  cons  are  of  the  Torioble 
end-link  design.  They  are  arailoble  in 
75  watt  150  wott  ond  500  wott  sises. 


Performance 

Data 


ACTUAL  TEMP  CURVE  INSIDE  HOLDER 


*M»IINT  TIM».  •C 

ACTUAL  FREQUENCY  CURVE 


The  Torioble  end-link  design  was  uti¬ 
lised  as  a  means  of  making  coils  which 
can  be  used  to  greotest  efficiency  with 
beam  power  tubes.  To  make  a  coil 
with  built-in  link,  that  will  be  satis- 
factorv  i»  operation  on  earious  circuits, 
on  adiustoble  link  is  necessary.  BUD 
has  taken  care  of  both  of  these  needs 
in  the  NEW  ADJUSTABLE  LINE  COIL. 


SEE. THEM  AT  YOUR  LOCAL 
DISTRIBUTOR  TODAY! 


Sefectronic  XL-30  is  designed  For 
close  Frequency  tolerance 
VHP  services  .  .  .  police,  oircroFt, 
railway  communications,  etc. 
Heater  works  ot  6  volts,  1  omp. 
Frequency  range-  3.000  KC  to 
15,000  KC 


.  .  .  with  the  latest  types  of  equip¬ 
ment  including;  condensers,  chokes, 
coils,  insulators,  plegs,  lacks, 
switches,  dials,  test  leads,  iewel 
lights  and  a  complete  line  of  ultro- 
modern  cabinets  and  chassis. 


ENGINEERS  OF 
SELECTRONIC  CRYSTALS 
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It  Costs  You  Uss 

ro  Pay  y 

Little  More  For 

SlUCOCKS-MIlUR 

PUSTIC  NAME  PUTfS 


The  nameplate  that  identifies 
your  product  should  reflect  the 
quality  you  build  into  it. 

Recognizing  this,  manufacturers 
all  over  the  country  have  made  Sill- 
cocks-Miller  their  source  for  name¬ 
plates  fabricated  of  plastic.  These 
companies  know  that  quality  is  a 
tradition  here  at  Sillcocks-Miller  .  . . 
that  every  job  must  conform  to  our 
rigid  standards  of  accuracy  and  per¬ 
fection. 

From  long  experience,  our  en¬ 
gineers  can  readily  meet  your  name¬ 
plate  requirements.  There  is  no  lost 
motion,  no  delays  to  you  because  of 
“trial  and  error”  production. 

That’s  what  we  mean  when  we  say 
it  costs  you  less  to  pay  a  little  more 
for  Sillcocks-Miller  quality. 

(  “Hi  Writm  for  complete  iletail* 


THE  SIIICOCKS-MIIUI  CO. 


I  Ino  WkI  Porkw  Avamm,  MirImmA,  E  1 

*AAr»«ii  $**lti  Oraa|«,  El 
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piastics 

VICMNICAI  END  l»00»TEIEi 


KOMICS 
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MECHANICAL  LOCKING 
ELECTRICAL  RESET 

Advance  Series  600  relays  are  useful  when  con¬ 
tinuous  power  consumption  is  not  desirable.  Impulsing  the 
horizontal  coil  pulls  the  contacts  down  where  they  are  locked 
mechanically.  Impulsing  the  vertical  coil  trips  a  latch... con¬ 
tacts  are  then  spring  actuated  to  the  normal  (up)  position. 

Available  in  DPDT,  DPST  normally  open,  and  DPST 
normally  closed  combinations,  with  pure  silver  contacts  up  to 
y»  "  in  size.  Coils,  are  made  for  any  AC  or  DC  voltage  ordered. 
Series  650  has  same  specifications  but  resets  mechanically. 

Further  dMails  and  fraa  catalog  on  raquail. 


^vance  ^e/ays 


ADVANCE  ELECT'RIC  &  RELAY.  CO. 

1260  West  2nd  Sf.,  Let  Angeles,  Celifernie  •  Phene  Michigan. 9331 


LM 


REGULATED  POWER  SUPPLY 

180-300  volts  Type  PS-2 

For  a  simple,  efficient,  economical  power  supply  to  replace  messy, 
space-consuming,  expensive  batteries  install  a  modem  G-E  Reg¬ 
ulated  Power  Supply.  Extremely  useful  where  d-c  power  is  re¬ 
quired  to  operate  electronic  devices  in  research  or  industry. 
Provides  a  stable  d-c  voltage  regardless  of  moderately  large  or 
rapid  changes  in  the  a-c  supply  voltage.  Other  regulated  power 
\  supplies  available  in  various  ranges.  Write  today:  Electronics  A 
Department,  General  Electric  Company,  Syracuse  1,  N. 

V  general  ^ELECTRIC 


MEASUREMENTSXVCORPORATION 


BOONTON 


NEWS  OF  THE  INDUSTRY  (centinutd) 

electronic  counter  circuits,  2  on 
electron  tubes,  12  on  nuclear  ma¬ 
chines  such  as  cyclotrons,  6  on  ion¬ 
ization  gages  and  G-M  tubes,  and 
30  on  miscellaneous  electron  tube 
circuits  that  were  considered  in 
connection 'with  the  atomic  energy 
projects.*  Representative  abstracts 
of  some  of  these  electronic  papers 
follow'.' 

PB  49548,  .\LLEX,  J.  S.,  Characteristic* 
of  metal  type  electron-multiplier  tube,  ( Man¬ 
hattan  Engineer  District  LA  Kept  65,  Series 
C;  MDDC  Kept  275)  Mar  1944,  12  p.  Price; 
Microfilm— 1 1  .m>— Photostat— $1 .06 
Scientific  paper  released  for  general  infor¬ 
mation  Sept. -12,  1946.  An'  electron  multi- 
•pller  tui»e  of  the  electrostatically  focused 
type  enclose<l  in  a  metal  shell  has  been  de¬ 
veloped.  The  metal  construction  permits 
the  use  of  co|tper  gaskets  and  the  out- 
gassing  of  the  tube  by  external  heating. 
When  a  narrow  beam  of  Po  alpha-particles 
hits  the  first  electrode  the  tube  will  count 
every  alpha  falling  tii>on  the  sensitive  sur¬ 
face.  Approximately  5  x  10*  electrons  reach 
the  final  collector  for  each  alitha  incident 
upon  the  first  electrode.  The  tube  may  be 
used  as  a  pulsed  detector  by  varying  the 
potential  of  one  of  the  electrodes  with  re¬ 
spect  to  the  others. 

Both  static  and  dynamic  tests  were  made. 

square  wave  of  l.">0-volts  amplitude  will 
turn  the  tube  on  and  olT.  \  radium  source 
surroundetl  by  5  cm  of  Pb  was  placed  near 
the  multiplier  tube.  The  counting  rate  was 
about  10'*  times  the  number  of  photons 
striking  the  first  electrode.  Graphs  and  a 
circuit  diagram  are  iiicludeil. 

PB  .52819,  niADWTCK,  S.  R.,  Alpha 
counters  as  usetl  in  radioassay  of  Plutonium. 
(Manhattan  Engineer  District  LADC  Kept 
272;  MDIH’  Kept  4.541  Jan  1946,  53  p. 
Price  :  Microfilm — $2.00— Photostat — $4.00 
Scientific  paper  releasetl  for  general  infor¬ 
mation.  .V  description  of  the  amplifiers, 
scalers,  and  power  supplies  used  with  the 
air  and*  nitrogen  chambers  is  given,  ('ir- 
cuit  diagrams  and  shop  drasmigs  of  the 
chambers  are  include<l  in  the  api>endix. 

PB  52802.  FUlSt'H.  (1.  R..  Note  on  a  use 
of  delay  lines  in  counter  pul.se  amplifiers. 
(Manliattan  Eiiglim^r  District,  L.\  Rept 
107;  MDDt'  Rept  238)  Jul  1944,  5  p.  Price: 
Microfilm — $1.00 — Pliotostat — $1.0(1 
Scientific  imper  released  for  general  infor¬ 
mation  .Viigust  22,  1946.  A  delay  line  is 
useti  to  bring  a  pulse  tlisturbance  quickly 
buck  to  zero,  thus  permitting  more  rapid 
counting  than  usual  and  helping  to  elimi¬ 
nate  low-fre<iuency  interference. 

PB  52717,  GHIORSE.  A.  and  others.  The 
multi-channel  pulse  analyzer,  (MDDG  Rept 
23)  II. d.  27  i».  Price:  Microfilm — $1.00 — 
Photostat — $2.00 

The  pulse  analyzer  consists  of  an  ionization 
chamber  and  electronic  units  which  make  it 
possible  to  re<"ord  the  energy  distribution 
of  aliiha  (iisintegrations  in  a  radio-active 
sample.  In  particular  it  is  used  to  measure 
the  amounts  and  determine  the  nature  of 
alpha  disintegrations  in  a  mixture  of  is¬ 
otopes.  Description  and  circuit  diagrams 
of  the  equipment  are  included  in  this  jiaiier 
released  for  general  information  through 
Manhattan  Engineer  District  June  14,  1946. 

PB  52719,  HIGIXBOTHAM.  W..  Higin- 
hotham  scale  of  (>4.  mark  .5.  iiuxiel  .3  (MDDO 
Rept  2(5)  Dec  1945,  2  p.  Price:  Micro¬ 
film— $  1 .00—  Pliotosta  t— $  1 .00 
This  scaling  instrument  is  luiilt  for  use  with 
a  self-quenchiug  tJeiger-Mueller  tube.  The 
scale  of  (54  is  of  tlie  Eccles-Jordan  type  as 
modified  by  lliginbotliam.  The  scaler  will 
operate  on  evenly  spaced  pulses  to  a  speed 
of  at  least  1,50.000  counts  per  second.  A 
circuit  diagram  accompanies  the  description, 
which  is  released  for  general  information 
through  the  Mnnliattnu  Engineer  District. 

PB  52739,  JAFFEY,  A.  11.  and  others,  A 
manual  on  the  measurement  of  radioac¬ 
tivity  (MDn<'  Rept  .388)  Aug  1944,  49  p. 
Price  ;  Microfilm — $1.00 — Photostat — $4.(H) 
.Scientific  paper  released  for  general  inform¬ 
ation,  October  16,  1946.  Tills  manual  was 
written  ns  an  introduction  to  radioactivity 
measurements  for  cliemists  and  others  who 
were  unfamiliar  with  tills  flelil.  Its  aim  is 
to  provide  fairly  explicit  operating  instruc¬ 
tions  together  with  tlie  niinimiim  back¬ 
ground  necessary  for  Intelligent  use  of  the 
instruments  and  interpretation  of  results. 
It  is  restricted  to  instruments  and  tecii- 
nlqiies  for  the  development  of  processes  for 
the  chemical  engineering  scale  separation  of 


Rmsiifor  Failure  Needn^t 

Mean  a  Ruined  Assemblyl 


IN  Ifo^iVUL 

/  INDICAfOR  LIGHTS 

rh0  RESISTOR 

it  DETACHABlEml  1 


Gothaxd  Indicator  Lights  ieatuie  de- 
tachabla  lasistors  .  .  .  assuring  you 
longast  possible  assembly  life!  This 
elixninates  wasteful  need  for  replac¬ 
ing  entire  Indicator  assembly  be¬ 
cause  of  a  bad  resistor.  Here — you 
simply  replace  the  resistor — and  your 
Gothard  Indicator  Light  is  saved  for 
indefinite  use.  Model  No.  1143  has 
200,000  ohm  detachable  resistor  for 
dimmer  glow  and  Model  1144  As¬ 
sembly  is  furnished  with  100,000 
ohm  detachable  resistor  for  bright 
glow.  For  full  information  on  the 
complete  Gothard  Line,  write  for 
.Catak>g — today! 


/^MANUFACTURING  COMPANY 

2114  Clear  Lake  Avenue,  SpringflekI,  IIL 

import  Divltiom: 

2S  WARREN  STREET  •  NEW  YORK  7,  N.  Y. 


Madalt  No.  1143 
a  1144  wits  mitlor 
Im  noon  (Mop  NESI. 

(Model  1142- no 
rosittor— lor  Muds 
Limpt.) 


STANDARD  SIGNAL  GENERATOR 


RANG! 
75  KC 


Individually  Calibrated  Scale 

OUTPUT:  Continuously  variable,  ,1  microvolt  to  2.2  volts. 

OUTPUT  IMPEDANCE:  5  ohms  to  .2  volt,  rising  to  15  ohms  at 
2.2  volts. 

MODULATION:  From  zero  to  100%.  400  cydes,  1000  cydes 
and  provision  for  external  modulafion.  Built-in,  low  dis¬ 
tortion  modulating  amplifier. 

POWER  SUPPLY:  117  volts,  60  cydes,  AC 
DIMENSIONS;  11"  high,  20"  long,  lOVi"  deep,  overall. 

WEIGHT:  Approximately  50  lbs. 

Catalog  on  rotfuetl 


MANUFACTURCRS  OF 
Standvd  Slcn^  Rssaratws 
Pulse  Gsfisrstsn 
FM  Si(iisi  Gtnsrstofs 
$(|sars  Wavs  Gsesrsbirs 
VaciHHn  Tubs  Voltnwtsrs 

UHF  Radio  Noiss  t  FMd 
Shss^  Metsrs 

Capttity  BridE'ss 

Msfolm  Mstsrs 

PRats  SsGMScs  lstf(»tor$ 

Tsltviidsii  SRd  FM  Tsst 
EiNipmsat 
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TRACING  CLOTH 


HARD  PENCILS 


.MODEL  NO.  55DP 

Sets  2  Rivets 
At  One  Time— 

120  a  Minute 


FOR  ASSEMBLIES  OF 

Cutlery  Handles 
Small  Larks 
Name  Plates 
Radio  Chassis 
Electrical  Parts 
Clock  Cases  •  Toys 
and  a  wide  variety 
of  similar  products 

Milford  manufactures  15  standard 
rivet  setters,  designs  and  manu* 
factures  rivets  in  endless  variety. 
Call  Milford  for  suggestions  on 
assembly  operations  to  cut  costs, 
save  time,  increase  profits. 


THE  MILFORD  RIVET  &  MACHINE  CO. 

SSt  Iridgeperf  Av«.  1002  West  River  St. 

MILFORD,  CONN.  '  '  ELTRlA,  OHIO 

Inquifits  a/so  5a  addr»s%td  to  our  subtidlary: 

THE  PENN  RIVET  «  MACHINE  CO.,  PHILADEtPHIA  33.  PENNA 


•  Imparial  Pencil  Tracing  Cloth  hos  th« 
tarn*  superbly  uniform  doth  foundation 
and  transparency  as  the  world  famous 
Imperial  Tracing  Cloth.  But  it  is  distinguished 
by  its  special  dull  drawing  surface,  on 
which  hard  pencils  can  be  used,  giving 
dean,  sharp,  opaque,  non>smudging  lines. 

Erasures  ore  made  easily,  without 
damage.  It  gives  sharp,  contrasting  prints 
of  the  finest  lines.  It  resists  the  effects 
of  time  and  wear,  and  does  not  become 
brittle  or  opaque. 

Imperial  Pencil  Tracing  Ooth  is  right 
for  'nk  drawings  as  well. 


TuaumosTATK  mm  nn 


PROVIDE  DELAYS  RANGING 
FEOM  I  TO  120  SECONDS 

EATURES: — Compensated  for  ambient  temperature  changes  from 
— 40°  to  110°  F  . . .  Hermetically  sealed;  not  affected  by  cdtitude,  moisture 
or  other  climate  changes  .  . .  Explosion-proof  .  .  .  Octal  radio  base  .  .  . 
Compact,  light,  rugged,  inexpensive  .  .  .  Circuits  available;  SPST  Nor¬ 
mally  Open:  SPST  Normally  Closed. 

PROBLEM?  Send  for  "Special  Problem  Sheet"  and  Bulletin. 


wilO 

P  1  VOLTAGE  or  24V 
BATTERY  6  CHARGER 
VARIES  APPROX 


AMPERITE  RiGUL 


WITH  AMPERITE 
VOLTAGE  VARIES 
ONLY 


50%  I  2% 


AmpeHte  REGULATORS  are  the  simplest,  lightest,  cheapest,  and  most  compact  method 
of  ^tcdning  current  or  voltage  regulation  .  .  .  For  currents  of  .060  to  8.0  Amps  .  .  . 

Hermetically  sealed:  not  affected  by  altinide,  ambient  temperature,  humidity. 
Write  for  4-page  lUastzated  Bulletin. 


MmPER/TE  CO.,  561  Broadway,  New  York  12  ,  N.  Y. 

in  Canada:  Atlas  Radio  Corp..  Ltd.,  560  King  St..  W.  Toronto 
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This  new  space  saving 
capacitor  connector 
provides  a  greater  de¬ 
gree  of  filterirg  than 
conventional  by-pass 
installations. 


H.H.  BUGGIE  &  CO 

TOLEDO  1,  OHIO 


SfE  OUR  BOOTH  — I.R.E.  SHOW 


NEWS  OE  THE  INDUSTRY 


(contingad) 


^rttrtonium  from  uranium  and  flaaion  product  ■ 
activltiMi.  Tl|c  niuuuul  haa  three  sectionn  : 

(1-)  Alpha  countlngr.  <-)  meaHuremenr'  of 
beta  and  Kamma  radlatioti ;  and  (3)  Htafix 
the  and  eountlng.  Diagrama  aud  grapha  are 
liicliid'Kl.  A  foreword  written  in  1946  iiull 
catea  which  of  the  material  ia  now  oliaob  te 
and  what  new  uiethoda  and  InstriimentH  are 
ill  genenil  ua«.  It  also  contains  a  list  of 
n  fereiices. 

PB  4».i61,  KATCOFF.  SEYMOFU,  Sweep 
Ing  of  radioactive  gases  from  a  homogenous 
pile.  (Manhattan  ISnglneer  District  l.ADF 
Kept  215  :  MDDC  Kept  293)  Apr  1946.  23  p. 
Pr.ee  :  Mieroliim— $1.00 — Photostat — $2.00 

Scientifle  paper  releaseil  for  general  in¬ 
formation  September  11.  1946.  The  radio¬ 
active  lission-prodiict  gases  prodiicetl  in  a 
homogeneous  pile  were  blown  by  a  stream 
o  air  througli  a  long  tube  along  whose 
axis  was  a  negatively  charged  wire.  The  j 
various  gases  depositeil  their  solid  radio 
active  daughters  upon  the  wire  in  a  manner  I 
proportional  to  their  half-lives.  Hy  cutting  I 
the  wire  into  sections  and  analyzing  each  j 
one  for  several  Bssion  products,  tlie  follow¬ 
ing  results  were  ohta'ned:  (1)  An  approxl 
mate  half-life  of  33  seconds  for  Kr“: 
(2)  an  accurate  half  life  of  1.7  si'conds  for 
Xe“’ :  and  (3)  the  fraction  of  each  of  the 
flsMion-prodiict  chains  coiitaining  a  gaseous 
nieiiiher  that  was  swept  out  of  the  water 
boiler,  (Tallies  VI  and  VII).  Schematic 
liiaurams  and  tables  are  included. 

PB  524.33.  LAVATELI.I,  L.  S.,  Snouting 
and  focusing  the  cyclotron  lieaiii.  (Maiiliat 
tan  Engineer  District  I»ADC  Kept  128: 

Tfent  3.V))  Feh  1946.  22  p.  Price: 
Microfilm — $1.09 — Photostat — $2.00 

Scientific  pajier  releasetl  for  general  In¬ 
formation  September  26.  1946.  3'he  steps 
net^'ssary  to  get  an  external  beam  down  a 
snout  section  and  the  equations  for  focusing 
a  beam  magneticallv  are  given.  These 
equations  together  with  the  initial  liearn 
cont'gurations  and  other  constraints  are 
solve.)  simultaneously  api»roxlmntely  to  yield 
suitable  design  for  a  focusing  chnmher.  The 
chamber  enabled  a  beam  of  about  thr<>e  nil- 
croaiii|»*res  to  lie  focused  on  an  area  of  one 
square  inch  at  a  point  2<t  feet  distant  from 
tile  target  chamiier  of  the  cyclotron.  Dia 
grams  and  photographs  are  included. 

PB  42178.  NIFR.  O.  and  others.  Mass 
spectrometer  for  leak  detection  (MDDr  Rept 
5)  Apr  1946,  18  p.  Price:  Microfilm — $1.6o  i 
— Photostat — $2.00 

A  simple  low  resolution  mass  spectrometer 
is  deseribe.)  wh'ch  has  hen  liseil  success-  | 
fully  in  detecting  small  leaks  in  high  vacuum  ' 
equipment.  One  part  of  He  In  20O.(i0U  parts 
of  air  can  be  detected.  Photogniphs,  din 
grams,  and  graphs  are  appended.  This  • 
contribution  from  the  Kellex  t’orjioratlon  Is 
released  through  the  Manhattan  Engineer 
District  for  presentation  before  the'  Ameri¬ 
can  Physical  Society. 

PB  49579.  W.XTTS.  R.  J..  Snfetv  circuit 
with  D-C  Boipllfier.  (Manhattan  Engineer 
District  LAMS  Rept  161.  Series  B:  MDDr 
Rept  316i  Xov  1944.  1.5  p.  Price:  Micro¬ 
film— $1  .00 — Photosta  t — $1.00 

Scientific  paper  released  for  general  inform¬ 
ation  S.  ptember  11.  1916  A  method  Is 
deser'heil  to  record  the  rise  in  Intensity 
of  any  hard  beta,  gamma,  or  neutron  radia¬ 
tion  and  cut  It  off  at  anv  predetermined 
level.  .4  range  in  intensity  of  a  factor 
of  one  million  mav  he  covered  easll.v.  The 
equipment  Is  designeil  so  that  If  any  part 
falls  it  will,  fall  safely,  l.e..  in  such  a 
manner  as  to  cut  off  the  radiation.  The 
eb'ctronle  circuits  are  readily  adniitable  to 
many  uses  and  have  been  used  to  monitor 
a  cyclotron.  Any  current  of  lO-n  amperes 
or  higher  from  a  high-impedance  source  will 
operate  the  mechanism  Drawings  and  cir¬ 
cuit  diagrams  are  appended. 


Spintite  wrenches  give  maximum  effi¬ 
ciency  when  space  is  at  a  minimum.  Com¬ 
plex  radio  assemblies  in  compact  cabinets 
leave  little  room  for  clumsy  tools.  Designed 
for  the  radio  man  who  must  meet  these 
conditions,  Spintites  reach  where  other 
wrenches  won't. 

Spintite,  the  wrench  built  like  a  screw¬ 
driver,  has  a  straight  shaft,  hollowed 
sufficiently  to  accommodate  nuts  through 
which  the  bolt  protrudes.  It  comes  in  three 
types  to  fit  square,  hex  or  knurled  nuts. 
Sizes  vary  from  3/16"  to  5/8",  com¬ 
pletely  covering  the  range  of  radio  re¬ 
quirements  for  either  repairs  or  assembly. 

For  increased  accessibility,  standardize 
on  Spintite,  a  wrench  that  reaches  those 
"tight  spots"  with  ease. 


T-73  Set,  has  7  sizes  of  hex  heads. 
Shock-proof  handles,  and  cold  forged 
sockets  assure  safety  and  strength. 

- _ _ _ 


British  Computer 

Construction  of  an  automatic 
computing  engine  (ACE)  as  the 
British  counterpart  of  the,  Ameri¬ 
can  electronic  numercial  integrator 
and  computer  (ENIAC)  has  been 
announced  by  the  British  Depart¬ 
ment  of  Industrial  and  Scimtific 


STEVENS -WALDEN 


.'INCORPORATED 

Worcester  •  Massochusstts 
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Nlckal-Oireini- 
um  alloy,  ro- 
iUtt  oxidation  at  olovalod 
tomporoturos;  up  to  IIOO” 
F.  Alto  utod  for  fixod 
non  -  magnotic  rotittort. 
Rotiitt  chomlcal  corrotlon 
by  many  modia.  Spocific 
rotittanco  650  OhnraA 
C.M.F. 

ALLOY  "C” 

Nominally 
60%  NIckol, 
15%  Chromium,  bolanco 
iron.  High  rotiitonco  to 
oxidation  and  corrotion. 
Widoly  utod  for  rotittort 
for  radio,  oloctroniet,  in- 
duttial  oquipmont  ond 
domottic  appliancot.  Op- 
orating  tomporaturoi  up 
to  1700"  F.  Spocific  ro¬ 
tittanco  675  Ohmt/C.AA.F. 


AL10Y‘‘45’ 


Coppor  •  NIckol 
alloy  with  con- 
itant  rotittanco  ovor  wido 
rongo  of  tomporaturot. 
Spocific  rotittanco  294 
Ohmt/C.AA.F.i  tomporo- 
tvro  coofficiont  0.00002 
Ohmt  por  dog.  F.i  32-212 
dog.  Utod  in  winding  of 
procition  rotittort,  rhoo- 
ttatt,  and  oloctrical 
moaturing  dovicot. 

KANTHAL 


Excluiivo  man- 
ufacturort  and 
dittributort  of  KANTHAL 
wiro,  ribbon,  and  ttrip. 
An  alloy  containing  Iron, 
Chromium,  Aluminum 
ond  Cobalt  ...  for  opor- 
ating  tomporaturot  up  to 
2462°  F.  Throo  gra^, 
A-1,  AS,  DS;  rotittivity 
872,  837,  812  Ohmt/- 
C.AA.F.,  rotpoctWoly,  at 
68°  F. 


At  fino  at  .0006"  for  alloyt 


••A",  ’  C,”  "AS.” 

and  Fine  Wire  Screen 


IN  TUNGSTEN  and  OTHER  METALS 
AND  SPECIAL  ALLOYS;  ALL  MESHES 
IN  STANDARD  WIDTHS.  OR  WIRE- 
HESH  PARTS  FAIRICATED  TO 
ORDER. 

Writn  tor  Catalogs. 

THE  C.  O.  JELLIFF 

MFO.  COUP.  ✓aassv 

123  PEQUOT  ROAD, 

SOUTHPORT,  CONNECTICUT 

WIRE  CLOTH  VIHHlfy 

DIPPING  BASKETS 
LEKTROMESH 


DIMS,  PRHtLS 
HRNIt  PLHtS 


Planning  dials,  name  plates, 
panels?  Check  Premier.  We’re 
specialists  in  etched  metal  prod¬ 
ucts  that  offer  the  PLUS  of  sales 
appeal  to  maximum  utility  and 
visibility.  Sharply  defined  mark¬ 
ings,  close  tolerance  calibrations, 
accurately  positioned  lettering, 
and  permanence  of  finish  charac¬ 
terize  all  Premier  products.  We 
have  complete  and  centralized 
facilities,  with  specially  de¬ 
veloped  equipment  for  plating, 
blanking,  piercing  and  forming. 

WRITE  FOR  BULLETIN 


- T 

m  V. 

3 

r 

BENERAL^  ELECTRIC 
TTUrottic 


ETCHED  &  LITHOGRAPHED  ON 

•  ALUMINUM  •  BRONZE  •  MONEL 

•  BRASS  •  COPPER  •  NIpKEL  SILVER 

•  STAINLESS  STEEL 


fuemier  metal  etching  company 

Quality  Products  *foT  Over  35  Years 
2l_n7  AATM  AVCklllC  iriMC.  ICI  Akin  r'lTV  I  Kl  V  T 


INSTRUMENT  RESISTORS  CO. 

1036  ComniGrcG  AvMue,  Unioii,  New  Jersey 


INRES'CO 
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export  DEPARTMENT:  C  O  BRANDES.  MGR  ,  4900  EUCLID  AVENUE,  CLEVELAND  3.  OHIO 
IN  CANADA.  ATLAS  RADIO  CORP  ,  560  KING  STREET,  WEST,  TORONTO.  ONTARIO,  CANADA 


GOAT  PRECISE-FORMED 
DEEP.DRAWN  METAL  PARTS 

Daep  drawing,  sizing  and  coining,  in  conjunction  with  quality 
contral  tachniquas  davisad  by  tha  Goat  Company,  maka 
possibla  tha  aconomical  production  of  small  parts  to  tolerances 
unattainable  .a  few  years  ago.  The  new  method  makes  expensive 
annealing  operations  unnecessary.  The  use  of  these  economi¬ 
cally  produced,  precision  parts  reduces  both  material  costs  and 
assembly  costs. 


Seed  MS  year  design  prints  for 


•ngiMMering  reeommoadafloas 


Address  Dept  iL 


GOAT  MET/NL  STAMPINGS, 

Division  of  The  Fred  Goat  Co.,  IncT 
DEAN  STREET  BROOKLYN  ,N.  Y. 


Here’s  Your  Newest  Profit  Builder! 
A  striking,  three-dimensional  display  which 
.  catches  the  eye  of  every  customer.  It’s 
completely  assembled,  ready  to  place  on 
your  counter  and  bring  in  easy,  extra  sales. 
You  pay  only  for  the  four  fast  moving  mod¬ 
els  mounted.  The  display  itself  is  FREE! 


A  PROVED  relay 
for  NEW  uses 


Originally  developed  for  our  Vehicle- 
Actuated  Traffic  Control  Systems,  the  AC2 
relay  is  now  generally  available.  Fast- 
acting,  compact,  built  to  handle  up  to  ten 
million  operations  a  year.  Clean  operation 
of  as  many  els  ten  sets  of  contacts  on  each 
relay,  with  circuit  closure  of  as  little  els 
.010  seconds,  is  provided  for  on  this 
precision  instrument. 

Even  where  insulation  resistance  in  excess 
of  300  megohms  is  required  after  long 
service,  the  AC2  relay  Eissures  it  through 
a  method  of  encasing  each  individual 
contact  spring  in  phenolic  insulation. 

All  connections  at  rcEn,  including  coil 
connections,  make  the  AC2  well  adapted  to 
vertical  rack  mounting.  Drilled  with  four 
mounting  holes  for  No.  8  screws.  Centers 
Ifij"  horizontal  x  verticEd. 

Coils  for  115  volts,  60  cycles,  and  12  volts, 
60  cycles,  and  pure  silver  contacts 
diameter  (rated  5  amps.  115V  AC  non- 
inductive)  and  diameter  (rated  10 
amps. 1 15V  AC  non-inductive)  arestandard. 
Other  contacts  and  coils  can  be  supplied 
on  special  order. 

Overall  width  l^i"-  Relay  extends  21^” 
forward  and  backwEird  from  mounting 
surface.  OverEdl  height  2^*' from  bottom 
of  annature  to  top  of  vertical  contact 
guEurds.  This  height  will  accommodate  4 
averEige  contact  Eissemblies,  2  in  each 
pileup.  Each  additional  contact  Eissembly 
adds  approximately  to  the  overEdl 
height 

Our  Engineering  DepEirtment  can  be  of 
valuable  Eusistance  to  you  in  adapting 
this  relay  to  your  present  products  or 
your  new  designs.  Write  us  your  problems 
and  requirements. 

AUTOMATIC  SIGNAL  DIVISION 

Easteni  liMfaistries,  Incorporate 

100  lagant  StrMt  - 
East  Norwalk,  Coanoetkot  • 
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PROFIT  BUILDER 


AERijii. 


LIST  $22.00 

Each  t)f  ihesc-  models  is  engineered 
and  equipped  to  fit  etery  cur.' 


ro. 


Every  w  ard  model  has  been  tested  and  ap 
proved  by  car  and  radio  set  manufacturers 
— your  priK>f  of  quality  hisiUe  and  out 


THE  WARD  PRODUCTS  CORPORATION  •  1533  E.  4Sth  STREET,  CLEVELAND  3,  OHIO 


"(•Mia 


AMERICAN  TELEVISION  &  RADIO  CO 

y  Qu-alily  *^rodwcfs  Smkc  I93J  ^ 

[  ST  PAUl  '  MINN  U  S  A  1 


(cofitinuad) 
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Research.  Estimated  cost  of  the 
one  machine  to  be  built  is  of  the 
order  of  150,000  British  pounds, 
and  work  on  it  will  take  two  to 
three  years.  The  British  circuit  is 
expected  to  have  higher  memory 
storage,  of  75,000  decimal  digits  as 
compared  with  200  for  ENIAC. 


HELP 

WANTED 


JuuuuLa 
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HSeletronH 

^nnnnni  !)■ 

SELENIUM  RECTIFIERS 
replace  tubes, 


Radar  on  Airliners 

Incorporation  of  modern  radar  in 
eight  Stratocruiser  luxury  airliners 
being  built  for  American  Overseas 
Airlines  by  Boeing  is  claimed  to  be 
the  first  case  of  preplanned  radar 
installation  in  commercial  aviation. 
The  ships  are  to  be  placed  in  trans¬ 
atlantic  service  late  this  year. 

Two  antennas  will  be  utilized,  one 
in  the  nose  pointing  forward  to  de¬ 
tect  storm  areas  and  areas  of  dan¬ 
gerous  icing,  and  the  other  a  60- 
inch  diameter  unit  in  the  belly  to 
map  shorelines  from  many  miles 
out  to  sea  and  to  utilize  ground 
radar  beacons  along  the  route  for 
navigation.  Such  beacons  at  each 
end  of  airport  runways  will  also 
serve  with  radar  on  the  planes  to 
simplify  blind  landings  and  reduce 
possibilities  of  collision  with  high 
objects  in  the  vicinity  of  airports. 


Permanent  Positions 
Available  for 

ELECTRICAL 

ENGINEERS 

In  the  following  fields 

•*  RESEARCH  & 
DEVELOPMENT 

•  PURCHASING 

•  PRODUCTION 

•  SALES 

Must  hove  electrical  engi¬ 
neering  degrees  or  equiv¬ 
alent  and  hove  proven 
records  of  experience. 
Positions  are  permanent, 
with  excellent  opportuni¬ 
ties  for  future  advance¬ 
ment. 

All  inquiries  must  be  by 
letter,  stating  education, 
experience,  references 
and  salary  expected. 
Complete  qualifications 
must  be  indicated  in  first 
letter.  All  replies  will  be 
.  treated  in  strict  confi¬ 
dence,  and  should  be 
marked  for  personal  at¬ 
tention  of  Mr.  Albert  A. 
Goffstein,  General  Mana- 
I  ger. 

We  prefer  men  with  ex¬ 
perience  in  fields  of  VI¬ 
BRATORS,  VIBRATOR- 
POWER  SUPPLIES, 
f  RECTIFIER  POWER  SUP- 
f  PLIES.  SMALL  POWER 
and  AUDIO  TRANS¬ 
FORMERS.  RADIO  RE¬ 
CEIVING  SETS,  and  TELE- 
VISION  RECEIVING 
SETS. 

Write  today — 


cut  control-unit 
space  in  baif  for 
United  Elevator 
Service 


Wh«n  United  EInvator  Snrvic*  wot  de¬ 
signing  this  control  unit  for  post-war 
elevator  instollotions  —  the  reqwirement 
was  for  0  compact  rectifier  that  would 
deliver  the  required  voltage  within  narrow 
tolerances  and  under  widely  varying  load 
conditions.  After  rigidly  controlled  tests. 
United  chose  Seletron.  And  United  expects 
this  circuit  to  pay  sizeable  dividends  in 
service  life. 

Your  rectifier  applications  will  reflect 
these  benefits,  too,  when  you've  made  the 
switch  to  Seletron.  In  addition  you'll  find 
sovings  in  installotion— for  there  is  no 
complicated  wiring  in  a  job  done  with 
Seletron.  And  you'll  find  your  operating 
costs  reduced— because  you  eliminate  fre¬ 
quent  replacements  and  fragile  parts. 

Ask  Seletron  for  an  easy  solution  to 
your  rectifier  problems. 

Trade  Mork 


Ionospheric  Researifh 

Radio  propagation  conditions  in 
the  28-mc  band  are  being  investi¬ 
gated  by  the  Central  Radio  Propa¬ 
gation  Laboratory  of  the  National 
Bureau  of  Standards  with  the  vol¬ 
untary  participation  of  130  radio 
amateurs  located  around  the  globe. 
It  is  hoped  that  the  project  will 
make  possible  surer  recognition  of 
the  unusual  transmission  and  recep¬ 
tion  conditions  accompanying  spo¬ 
radic  E-layer  ionization,  which 
makes  communication  between  two 
points  possible  at  a  higher  fre¬ 
quency  than  the  predicted  maxi¬ 
mum. 


I  HSeletronJ 

rmrm' 

RADIO  RECEPTOR  CO.,  Inc 

sine*  1927  In  todlo  ond  Eloctreiijcs 
251  West  19th  St. 

vSeSf  Now  York  II,  N.  Y.  VRfv^ 


Division 


Frequency  for  Heating 

One  frequency  on  which  opera¬ 
tion  is  now  permitted  without  a 
license  is  2,450  megacycles,  as¬ 
signed  by  the  FCC  for  industrial. 
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fucrnou  amo  cawo  louiAMinr 


Align  Yourself 
y^ith 


ARCTURUS 


The  Oldest  Name 
in  Radio  Tubes  / 


ID55  N[PPERHAN  AVENUE,  YONKERS  3,  NEW  YORK 


New  made  possible 
by  remeriiable  ■  e  w 
electreeie  edveece,  ' 
enbedled  le 


Syncro-Marker  PRESSU REGRAPH 


Reproduces  on  oscillograph  screen, 
accurate  picture  oi  pressures  during 
and  alter  explosion,  relates  pressure 
▼oriotions  to  time,  engine  speed,  dead 
center,  etc.  NEW  STUDIES  OF  PRES¬ 
SURE  ACTIONS  OF  ENGINES,  Includ¬ 
ing  Diesels — compressors,  pumps,  let 
engine,  etc. 

Covers  "transients." 

Seed  for  descripfioe  and  fall 
aaglneerlng  data 


ELECTRO  PRODUCTS  LABORATORIES 

Pken*  STAte  7444 


549  W.  Randolph  St..  Chicago  6,  III. 


CONTACr 


Here  is  your  chance  to  secure  those 
hard-to-get  tubes  you  need.  Standard 
Arcturus  places  at  your  disposal  a 
diversified  supply  of  tubes  of  every  type 
and  description  —  both  War  Assets 
Administration  surplus  and  regular 
stock.  Every  tube  is  subjected  to  rigid 
testing  and  servicing,  including 
packaging. 


The  supply  of  some  types  is  limited. 
To  get  the  Standard  Arcturus 
monthly  announcements  of  available 
types  of  War  Assets  Administration 
surplus  tubes,  dip  the  coupon  below 
and  mail  it  a/  once  with  a  complete  list 
of  your  requirements. 


PImm  wild  me  mofilhly  II.H  af  ■vollaaia 
W.A.A.  IvbM. 


STANDARD  ARCTURUS  C 


1 

■ZlSBnSB 

/ 

■BKSHI 

STEWART-WARNER 

uses  PARAMOUNT  PAPER  TUBES 
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medical,  and  scientific 


purposes. 
Stipulations  provide  that  emission? 
shall  be  confined  to  the  channel  be¬ 
tween  2,400  and  2,500  megacycle? 
and  no  interference  shall  be  causeo 
to  authorized  communication  serv¬ 
ices  from  spurious  or  harmonic 
radiations.  Chief  uses  for  this  al¬ 
location  at  present  are  diathermy, 
induction  and  dielectric  heating  for 
industrial  purposes,  and  microwave 
heating  with  such  equipment  as 
Raytheon's  radarange. 


^^ECORD  enthusiasts  are  critical  cus¬ 
tomers — whether  they  be  devotees  of 
Bach  or  boogie-woogie.  Better  and  better 
reproduction  of  their  favorite  recordings 
is  an-  insistent  demand  that  must  be  met. 


Clearing  Low  F-M  Band 

In  order  to  clear  the  42-44  me 
portion  of  the  low  f-m  band  for  use 
by  the  nongovernment  fixed  and  mo¬ 
bile  «ervices  to  which  these  frequen¬ 
cies  have  been  allocated,  the  FCC 
has  made  temporary  new  assign¬ 
ments  above  44  me  for  the  nine  f-m 
stations  that  were  operating  below 
this  frequency.  The  changes  in  fre¬ 
quency  must  be  made  no  later  than 
Feb.  1,  1947.  Some  affected  stations 
plan  to  cease  operation  until  their 
equipment  is  ready  for  operation  on 
their  regular  assignment  in  the  new 
higher-frequency  band. 

No  date  has  been  fixed  by  the 
FCC  as  yet  for  transfering  of  all 
f-m  operation  to  the  new  88-108  me 
band.  Temporary  operation  of  sta¬ 
tions  in  the  lower  band  is  contem¬ 
plated  until  sufficient  f-m  receivers 
for  the  higher  band  are  available. 


ELECTRIC 


•  Paramount  Pap«r  Tubas 
are  used  in  the  transformers 
of  the  speakers  in  several 
Stewart-Wamer  table  model 
radios.  Stewart- Warner 
Model  9022  B  is  shown  at  left. 


iF-M  Clinic 


The  f-m  broadcast  engineering 
clinic  conducted  by  Radio  Engineer¬ 
ing  Laboratories  in  Long  Island 
City  starting  Jan.  20  drew  an  at¬ 
tendance  of  over  100  engineers, 
some  from  as  far  as  Liberia  and 
Australia,  during  four  days  of  lec¬ 
tures,  demonstrations,  and  discus¬ 
sions  on  technical  subjects  associ¬ 
ated  with  frequency  modulation. 

Outside  speakers  included  Major 
E.  H.  Armstrong,  inventor  of  the 
f-m  system;  Paul  A.  de  Mars,  of 
Raymond  E.  Wilmotte,  Inc.,  consul¬ 
tant;  John  Bose,  Columbia  Univer¬ 
sity;  C.  M.  Braum,  FCC;  Stewart 
Bailey,  of  Jansky  and  Bailey,  con¬ 
sultant;  C.  Russell  Cox,  of  the  An¬ 
drew  Co.,  engineer;  F.  M.  Mcln- 


•  This  is  typical  of  the  wide  use  of  PARAMOUNT 
paper  tubes  by  leading  manufacturers  of  electrical, 
radio  and  electronic  products.  With  over  1 5  years 
of  specialized  experience,  PARAMOUNT  can  pro¬ 
duce  exactly  the  shape  and  size  tubes  you  need  for 
coil  forms  or  other  uses.  Square,  rectangular,  or 
round.  Hi-Dielectric,  Hi-Strength.  Kraft,  Fish  Paper, 
Red  Rope,  or  any  combination,  wound  on  auto¬ 
matic  machines.  Tolerances  plus  or  minus  .002'. 
Made  to  your  specifications  or  engineered  for  you. 


Ufts  sreat  variety  of 
stock  arbors.  Inchidet 
mony  odd  sizas-Write 
for  Arbor  Ust  today. 


PARAMOUNT  PAPER  TUBE  CORP 

616  LAFAViTTS  ST.,  FORT  WAYNE  2,  IND. 

Manufacturers  of  Paper  Tubing  for  the  Electrical  Industry 
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SELF-LOCKING 


the  PALNUT  Co 


•  CORDIER  ST.,  IRVINGTON  n  N  J 


4  Oscillograph  traces  on  70  mm.  paper. 


RECORDIIK 

THIHSIENT  PHENOMEHi 


The  behaviour  of  moving 
parts  under  actual  work¬ 
ing  conditions  niay  be 
studied  by  means  of 
standard  commercial 
oscillographs,  which 
trai^late  mechanical  or 
ele^tical  variations  into 
evanescent  traces  on  a 
fluorescent  screen. 
Avimo  cameras  record 
these  traces  on  contin¬ 
uous  film  or  paper,  so 
that  they  may  be  subse¬ 
quently  checked,  ex¬ 
amined,  and  measured. 
Write  for  P\±)lication  C3, 
giving  full  details  of 
AVIMO  Cameras  includ¬ 
ing  types  with  built-in 
cathode  ray  tubes. 


* ^^'WAWAWe^V‘.Vl^V<•/ .  -.Vv'. \v\  N.V.-V 


AVIMO  LM..  TAUNTON 

--  (Eng.)  Tnl,  UM 

Owigner*  and  Manufaeotrers  of 
Scientific  Cameras 


35  mm.  AVIMO 
Continuous  Film 
Recording  Camera 
(cover  removed). 


901 6E 


•  Self-locking  Acorn  Palnuts  are  dome 
shaped,  single  thread  locknuts  made  of 
tempered  spring  steel.  They  exert  a 
powerful  double-locking  action  that  de¬ 
fies  loosening  under  vibration.  Low  in 
cost — light  in  weight — easily,  speedily 
applied — require  but  3  bolt  threads 
space  to  lock  effectively. 


^endationa 


weeping 


HERE  ARE 
THE  FEATURES 


Displays 
fats  taad 

Continuous  frequentv 
coverage  up  through 
the  color  television 
hands 


•  Self-locking;  replaces  regular 
nut  and  lockwasher 

•  Holds  tight  under  vibration 

•  G>vers  rough  unsightly  bolt 
ends,  eliminating  "catching”  or 
"scratching”;  adds  streamlined 
appearance 

•  Saves  assembly  time,  labor, 
weight  and  cost 


The  MEGA-SWEEP 


The  most  versatile  high  frequency  oscillotor. 

These  Amaslag  Feaferes  are  Foeecf  ie  the  MEGA-SWEEP: 

e  Frequency  Range — 50  kilocycles  to  500  megacycles! 

•  Sweep  Frequency — ^Up  to  40  megacycles! 
e  Frequency  Meter — Measures  from  3  to  800  megacycles! 
e  Continuously  Adjustable  Attenuator — Band  width  ioOO  megacycles! 
e  Output — Approximately  0.1  volt  at  50  ohms. 

Th«  MEGA-SWEEP  (howt  at  a  ilanea  tha  rnaanta  af  any  natwark  ar  amaliaer.  This  eliminataa  tM 
tadlaut  faint  ta  faint  analytii.  Iti  use  aavat  enflnaarlnf  tima  and  ttlmulata*  reaaareh.  ValaaMa 
for  talavitian  fraduetion  alifnmant. 

Tha  MEGA. SWEEP  it  friead  far  wida  uta  in  iaboratary  and  fraduetion  lina.  S3SO.OO  FOB 
East  Oranga. 

KAY  ELECTRIC  COMPANY 

47  N.  GROVE  ST.  EAST  ORANGE.  NEW  JERSEY 

Mfrt.  of  Tko  MICBO-PULSn,  Tha  TOUCH-TIMER,  Miore-Wovo  eompooovtt  Md  Hl«lp 
Froquoncy  Wovomotors,  ood  ofhor  tpocialiwd  oloctrooic  imtroMooH. 


INVESTIGATE  Acorn  Palnuts  for  your 
products.  Outline  your  needs  for  sam¬ 
ples  and  suggestions.  Write  for  litera¬ 
ture  giving  data  on  Self-locking  Pal- 
nuts. 
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RADAR 

PLUMBINQ 

/fabricated 

a*td  ec<xfUMtCcaUci 

.  j^/  -  _  d 


^ 


HAIMDY  HARMAN 


A9ents  m  Princtpol  Citii 


l^teeiie 

RESISTANCE 

MEASUREMENT 


tosh,  consultant.  Frank  Gunther, 
M.  H.  Jennings,  James  Day,  and 
Wilbur  Thorp  of  the  REL  engineer¬ 
ing  staff  discussed  aspects  of  spe¬ 
cific  equipment  design  and  use  in 
the  field. 

During  the  discussion  periods  va¬ 
rious  station  operators’  problems 
were  presented  and  the  answers  vol¬ 
unteered  by  attending  eng'neers. 
Mr.  Braum,  the  FCC  representative, 
interpreted  regulations  and  ex¬ 
plained  the  Commission  attitude  in 
the  absence  of  specific  rulings. 

A  feature  of  the  demonstration 
period  each  day  was  reception  of  a 
special  program  of  live  talent  broad¬ 
cast  from  Major  Armstrong’s  Al¬ 
pine,  N.  J.  radio  station  W2XMN. 
The  entertainment  originated  at 
the  home  of  Mr.  C.  R.  Runyon,  radio 
pioneer,  in  Yonkers,  N.  Y.,  and  was 
beamed  from  his  high-frequency  ex¬ 
perimental  station  to  Alpine  where 
it  was  picked  up  and  rebroadcast. 


. ; ;  with  thm  Rubicon 

WHEATSTONE  IRIDGE  No.  1080 


*A  high  precision  instrument  weil 
suited  for  use  os  o  laboratory  standard 
os  well  os  for  routine  measurements  re¬ 
quiring  exceptionally  high  accuracy. 

*  Wide  range  —  1  ohm,  readable  to 
within  0.0001  ohm,  to  100  megohms. 

*  Five-dial  rheostat  usable  os  separate 
decade  resistance  box,  9x(1000+100 
+  10+1)+10x.1  ohms,  limit  of  error 
in  resistors  of  1  or  more  ohms  0.02%. 

*  Plug-controlled  ratio  arms  with  resis¬ 
tors  from  1  to  10000  ohms  —  limit  of 
error  0.02% — versatile  arrangement 
permitting  numerous  interchecks. 

*  Heavy  substantial  aged  mongonin  re¬ 
sistors  for  high  stability. 

*  Extra-heavy  sturdy  switches  with  con¬ 
tact  resistance  less  than  0.001  ohm. 

Fully  described  in  Bulletin  100. 


F-M  Polarization 

The  federal  Communications 
Commission  has  announced  that 
licensees  of  f-m  stations  may  add 
circular  or  elliptical  polarization. 
(Electronics,  p  214,  December 
1946).  Horizontal  polarization  is 
still  retained  as  the  standard  and 
must  be  used  by  all  f-m  licensees 
(including  those  who  exercise  the 
option  of  utilizing  circular  or  ellip¬ 
tical  •  i)olarization) . 

Additional  transmitter  operat¬ 
ing  power  .would  be  authorized  to 
station^  employing  the  new  type 
polarization,  but  it  may  not  exceed 
the  horizontally  polarized  compo¬ 
nent  used  for  allocation  purposes; 
service  contours  thus  remain  un¬ 
changed. 

It  is  expected  that  circular  or 
elliptical  polarization  will  decrease 
the  antenna  requirements  for  home 
and  car  radio  receivers  and  mate¬ 
rially  increase  the  probability  that 
a  receiving  antenna  located  at 
random  will  provide  entirely  satis¬ 
factory  f-m  reception. 


The  example  illustrated  is  com¬ 
pletely  fabricated  with  the  low- 
temperature  silver  brazing  alloy 
EASY-FLO  —  the  fast-acting,  ex¬ 
ceptionally  free-flowing  alloy  that 
makes  joints  stronger  than  the 
metals  foined,^  with  the  ductility  to 
take  all  the  vibration,  shock  and 
temperature  changes  Nm  metals 
themselves  can  stand.  It  is  especi¬ 
ally  suited  for  electronic  work 
because  of  the  high  electrical  con¬ 
ductivity  and  strong  corrosion  re¬ 
sistance  of  the  joints  and  because 
the  low-working  temperature  is  a 
safeguard  against  heat  damage  to 
light  gauge  metals.  BULLETW  12-A 
gives  full  facts.  Write  for  a  copy 
and  ask  also  for  detaHs  of  the  new 
EASY-FLO  45. 


.  . .  with  the  Rubicon  { 

TYPE  I  WHEATSTONE  IRIDGE  j 


Anothur  of  the  eighteen  bridges  listed 
in  Bulletin  100  for  nearly  every  type  of 
resistance  measurement  .  .  .  from  high 
precision  laboratory  work  to  high  speed 
production  line  inspection  jobs.  Write 
for  your  copy  of  the  new  edition  of 
Bulletin  100  today. 


Taxicab  Radio  Survey 

Nearly  8,000  taxicabs  in  the  United 
States,  in  over  200  different  fleets, 
received  FCC  authorization  for  two- 


Electrical  Instrument  Makers 
3757  Ridge  Avenue  •  Philadelphia  32,  Pa. 
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COPPER  OXIDE 
RECTIFIERS 


Turret  lug 


\4 


Custom  Engineering  .  .  .  btondord'Ztd  Uesigrt .  . 

Guorontfed  Materi^li  end  WorkmansK.f 
CAMBRtDGI  THERMIONIC  CORPORATION 

437  Co^co'd  Ave-^ue,  Cc^bridg*  31, 
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(coatimMd) 


way  radiotelephone  units  as  of  the 
first  of  the  year,  and  applications 
for  some  2,000  additional  units  are 
now  being  processed.  Largest  grant 
of  this  nature  was  to  a  fleet  of  1,600 
cabs  operating  in  San  Francisco  and 
Los  Angeles.  For  the  entire  mobile 
two-way  radiotelephone  service,  the 
total  number  of  experimental  au¬ 
thorizations  is  approximately  1,000, 
involving  some  12,000  taxicabs, 
trucks,  private  cars,  and  other  ve¬ 
hicles  not  in  such  organized  services 
as  police,  fire,  aviation,  marine,  rail¬ 
road,  public  utility,  and  geophysical. 


"Coprox"  rectifiers  may 
be  your  answer  to  more 
efficient  current  control. 
Their  varistor  character¬ 
istics  make  them  ideal  for 
automatic  current  valving, 
current  limiting,  current 
blocking,  as  well  as  cur¬ 
rent  measurement. 

Bradley  rectifiers  are 
designed  to  give  you 
trouble-free  service.  Their 
electrical  characteristics 
remain  stable  indefinitely 
When  operated  within 
normal  rating,  their  life  is 
unlimited. 

Send  for  curves  show¬ 
ing  current,  voltage,  re¬ 
sistance  and  temperature 
characteristics  of  Bradley 
copper  oxide  rectifiers. 


Broadcast  Engineering 
Conference  in  Atlanta 

A  RADIO  broadcast  engineering  in¬ 
stitute  will  be  held  in  Atlanta, 
Georgia,  April  14-18,  1947  under 
sponsorship  of  the  Georgia  Associ¬ 
ation  of  Broadcasters,  the  Georgia 
chapter  of  IRE,  and  the  Georgia 
School  of  Technology.  Professor 
Martial  A.  Honnell  of  Georgia  Tech 
is  general  chairman.  Outstanding 
experts  in  the  various  fields  of  radio 
broadcasting  will  cover  the  latest 
technical  developments  in  their  re-^ 
spective  specialties,  and  manufac¬ 
turers  will  exhibit  and  demonstrate 
latest  types  of  radio  and  television 
equipment. 

Those  attending  will  also  have  an 
opportunity  to  visit  the  five  radio 
stations  in  Atlanta,  as  well  as  the 
modem  f-m  transmitter  now  oper¬ 
ating  on  an  experimental  basis  at 
Georgia  Tech.  The  Institute  will  be 
patterned  after  the  Ohio  State  Uni¬ 
versity  national  conference,  which 
is  not  being  held  this  year. 


T)ii«  graph  shews  fraquwtcy  ranges 
covorod  by  each  wnit.  Writ*  vs  for 
your  full-size  copy. 


Five  Standard 
Slug -Tuned 
LS3  Coils  Cover 
.  14  tOkJSA  me 

For  strip  ampltter  work,  the 
compact  ClH"  high  when 
mounted)  LS3  Cou  is  ideal' 
Also  for  Filters,  Oscillators, 
Wave-Traps  or  any  purpose 
where  an  adjustable  induct¬ 
ance  is  desired. 

Five  ttendard  Winding* — 

1, 5, 10,30  and  60  megacycle 
coils  cover  inductance 
ranges  between  750  and 
0.065  microhenries. 

CTC  LS3  Coils  are  ea^  to 
assemble,  one  hole  is  all 
you  need.  Each  unit  is  du¬ 
rably  varnished  and  sup¬ 
plied  with  required  mount¬ 
ing  hardware. 

SPECIAL  COILS 

CTC  will  custom-en^eer 
and  produce  coils  of  almost 
any  size  and  style  of  wind¬ 
ing. ..to  the  most  particu¬ 
lar  manufacturer’s  specifi¬ 
cations. 


Illustrated  literature, 
available  on  request, 
shows  more  models  of 
copper  oxide  rectifiers, 
plus  a  line  of  seleni^ 
rectifiers  and  photocells. 
Write  for  "The  Bradley 
Line." 


MEETINGS  TO  COME 

March  3-6:  IRE  Winter  Meeting, 
Hotel  Commodore,  New  York  City, 
with  Radio  Engineering  Show  at 
Grand  Central  Palace. 


March  3-7:  1947  Winter  Confer¬ 
ence  of  National  Electrical  Manu¬ 
facturers  Association,  at  the  Edge- 
water  Beach  Hotel,  Chicago. 
Committee  meetings  only. 


March  22-27 :  Western  Metal  Con- 
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E.  .H^Rietzke,  President  of  CREI. 
invifiM  You  to  Wrhe  for  this  * 


Significant  Analysis  of 
Job  Opportunities  in 
Radio  Electronics. 


•  PLASTIC  FABRICATING  • 

PUNCHED  AND  FABRICATED  PARTS.  SPEED  AND  ACCURACY  tN 

TCX)L  CONSTRUCTION  AND  PRODUCTION  REQUIREMENTS 

•  BAKELITE  SHEETS.  RODS,  TUBES  • 

Over  20  years  of  fabricating  experience 

ELECTRICAL  INSULATION  CO.,  INC. 

12  VESTRY  ST..  NEW  YORK  13.  N.  Y, 


Tk0  Story  BokM  TUm  lotorottlog  Lottor  Voo 
Will  Waot^  Mood  ... 

Our  odTcrtisinq  agunts.  rualisiaq  fliiat  ritol 
chcmqM  or*  kScing  ploo*  ia  th«  rodie  iadMtrr. 
oskad  m*  to  gW*  them  a  factual  roport  of  di* 
unpr«c*d«iit*d  Job  opportunitiM  cruot^  b7~Ri« 
almost  unboUoToblo  •xpoasion  of  '  tho  rodio 
industry.  •  > 

My  Isttor  to  thorn  contains  somo  portiaont  rimw- 
points  on  tho  su3d*dB  of  COMPETITION-^WDOS' 

Thooo  oro 


TRY  MANSION— OPPOBTUNTriES. 
first-hemd  ^sorrations  bosod  on  my  own  ox- 
porioncos  ...  a  groat  dool  of  timo  spont  in 
tho  fiold  and  constant  contact  with  loadors  in 
tho  radio  industry. 

Tho  immodioto  roaction  of  our  agohey  upon 
roadiag  this  lottor  was  that  it  coatoiaod  so 
much  inspiration  and  information  that  it  should 
bo  roproducod  for  thousands  of  radioinon  to 
road.  Thoroforo,  this  unusual  adTortisomont  to 
inoito  you  to  sond  for,  and  road,  this  lottos. 

It  is  doubtful  if  many  radiomon  rooliso  tho 
actual  things  that  oro  hoppoaing.  That  is  why 
I  think  you  will  wont  to  road  this  lottor.  You 
oro  inritod  to  Bond  for  your  personal  copy 
today. 


Operates  on  Flashliftbt  batteries,  speed  de¬ 
pending  on  the  voltage.  Fairly  strong  on 
6  volts,  full  power  and  speed  on  27  volts. 
Designed  to  oe  used  in  oombsights,  auto¬ 
matic  pilots,  etc.  Two  types. 

14)  or  290  RPM.  Eitber  speed  SK.OO 
a  bargain  at .  O 


RCA  HB-3  Tube  Handbook 


No  other  tube  handbook  provides  as  much 
up-to-the-minute  technical  data  on  tube  types 
as  the  RCA  HB-3  Handbook,  which  has  been 
a  standard  technical  reference  book  for  over 
15  years.  Indexed  contents  include  general 
data,  characteristic  curves,  socket  connec¬ 
tions,  outline  drawings,  price  lists,  preferred- 
type  lists,  etc.,  for  the  complete  line  of  RCA 
tubes. 

New  Sheets  Mailed  Regularly.  The  U.  S.  sub¬ 
scription  price  of  $10.00  brings  you  the 
complete  Handbook  in  three  binders,  plus 
supplementary  sheets  containing  new  or  re¬ 
vised  data  as  issued  during  the  year.  Annual 
service  fee  thereafter  is  $2.00.  (These  prices 
apply  only  in  the  U.  S.  and  its  possessions.) 

Subteribs  Now.  Insure  early  delivery.  Mail 
your  reminance  today  to:  RCA,  Commercial 
Engineering,  Section  W-40C,  Harrison,  N.  J. 


RASIC  MOTOR  2X1X1 

ELECTRICALIY 


Prosldont,  CRCI 

CAPITOL  RADIO 
ENGINEERING  INSTITUTE  < 

Washington  10,  D.  C. 

Mail  CoupoB  For  Froo  Copy  •  No  Obligatioo 


ALNICO  MAGNETS 

^  ARE  AGAIN  AVAILABLE 
m  %  X  H  X  y4 
m  SMALL  HORSESHOES 

W  2  for . .  S^.OO 


Capitol  Radio  En,lnoerint  Inititato  ISth  aad 
Park  Road,  N.  W..  Dopt.  E-3  WaahlnitSM  It. 


aentlemen:  Pleate  rend  wu  PRBB,  Ur.  B.  H. 
RittMke’t  Analttir  of  Job  OpportOnitiei  ia  Rodio- 
Bleetronie*. 


NAUB 


CxporisMofort  asd  lovoofors  Soppllos 

64  Dey  St..  N«w  York  7.  N.  Y. 


POSITION 


AGE 
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gress  and  Exposition,  Oakland  Civic 
Auditorium,  Oakland,  California ; 
over  75  technical  papers,  lecture 
courses,  and  round  table  discus¬ 
sions. 


Whal  makes  any  product;ggood? 
Performance?  Yes,  if  that  perform¬ 
ance  is  up  to  specificati^s.  Bui 
what  makes  a  product  ui^^ue,  su¬ 
perior,  head  and  shoulders  above 
the  rest?  The  answer  is^^rt-The-Dot 
Performance,  every  time,  in  what¬ 
ever  application  you  use  that  prod¬ 
uct.  ITC  Prodticts  give  you  that 
assuranceMf  unfailing,  accurate 
performance  because  ITC  product 
specifications  tend  to  the  minimum 
of  their  capacities  and  not  the  maxi¬ 
mum.  There  is  always  that  engineer¬ 
ing  margin  of  safety  in  ITC  Products 
that  Guarantees  Performance. 


March  31- April  2 :  Midwest  Power 
Conference,  Palmer  House,  Chi¬ 
cago,  sponsored  by  Illinois  Institute 
of  Technology  and  directed  by  Prof. 
S.  E.  Winston. 


SHOCK  PROOF 
INSULATION 
BREAK  DOWN 
TEST  SETS 


April  14-18:  Radio  Broadcast  En¬ 
gineering  Institute,  Atlanta,  spon¬ 
sored  by  Georgia  Association  of 
Broadcasters,  Georgia  chapter  of 
IRE,  and  Georgia  School  of  Tech¬ 
nology,  with  Professor  M.  A.  Hon- 
nell  of  Georgia  Tech  as  chairman. 


April  21-May  2:  International  Mer¬ 
chant  Marine  Radio  Aids  to  Navi¬ 
gation;  first  week  devoted  to  ex¬ 
hibits,  papers,  and  visits  to  firms  in 
New  York  City  and  vicinity ;  second 
week  on  three  ships  working  out  of 
New  London,  Conn,  for  demonstra¬ 
tions  of  equipment;  sponsored  by 
U.  S.  State  Department  and  other 
government  agencies. 


2540  Bvlinont  Ave.  •  ELiaRONICS  DIVISION  •  New  York  58,  N.  Y. 


MODEL  204A  —  REGULATED  POWER  SUPPLY 

O-SOO  Volts  D.C.  at  300  Mo.  with  PesHivo  or  Nogativo  Groaod 
TIM  MoM  204A  R^laM  Power  Soppir  wHI  provido  froM  O-SOO  voHs  of  wol 
rogMkrtod  ood  woH  tOioi^  D.C.  TIm  o«Tp«rt  voHo^  it  coatiMOMly  vorioblo  odtlioot 
twHcMoe  oad  oHhor  podHoo'’or  aoeothro  sMo  loay  bo  orooodod. 

Spoefieatleas: 

OUTPUT  VOLTAOl  «olto  and  within  2%  at  10  nits. 

Hi|li  VoKatc:  0-500  VoKs  D.C.  con-  uukl  VOLTA6I 

ti^dy  wiabit  (Without  swHthim).  iq  Millivolts  at  any  voltaia  ar 

Current:  300  Ha. 

Low  AC.  Voltaoc:  Volts  AC.  at  6  , 

amps.  CMtcr-tappcd,  unrcfulatcii.  . 

1  rr-  .  105-125  Volts  A.C.  50-60  cycles.  i 

1  UGULATION  OUTPUT  i 

I  Within  1%  for  voltan  between  50-500  TERMINATIONS  J 

■  flits,  from  no  load  to  full  load.  Hiph  and  low  voltage  outputs  available  I 

■  Within  1%  for  line  voltage  variations  from  front  and  rear  of  unit.  Positive  or 

K  from  105  to  125  volts  at  full  load  cur-  negative  terainal  of  high  voltage  output  m 

B  rent  for  any  voltage  between  50-500  may  be  grounded  as  desired.  ■ 

■  D»talM  specMcfrtleas  will  be  forwarded  epee  nqftf.  m 

m  ELECTRONIC  MEASUREMENTS  COMPANY  ■ 

W'  RED  RANK  •  NEW  JERSEY  M 


April  28-30:  RMA  Spring  Meet¬ 
ing  of  transmitter  and  transmitting 
tube  engineers,  at  Hotel  Syracuse, 
Syracuse,  N.  Y.  Technical  sessions 
and  meetings  on  first  two  days,  with 
inspection  trips  on  third  day. 


May  17 :  New  England  Radio  Engi¬ 
neering  Meeting  of  North  Atlantic 
Region  of  IRE;  six  technical  ses¬ 
sions,  luncheon,  and  banquet  at  Con¬ 
tinental  Hotel,  Cambridge,  Mass. 


May  4-8:  National  Electrical  Whole¬ 
salers  Association  meeting.  Tray- 
more  Hotel,  Atlantic  City,  N.  J. 


May  13-16:  1947  Conference  and 
Show  by  Radio  Parts  and  Electron¬ 
ics  Equipment  Shows,  Inc.,  Chicago. 


BUSINESS  NEWS 


Television  Broadcasters  Associa¬ 
tion,  Inc.,  New  York  City,  an¬ 
nounces  reelection  of  J.  R.  Poppele 
as  president  for  a  third  term.  Two 
new  directors,  John  F.  Royal  of 
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▼  ON 

PRECISION 

WOUND 

TR  U  -  O  H  M  RESISTORS 

•  SILVER-SOLDERED  TERMINALS 

•  GENUINE  HIGH-TEMPERATURE 
VITREOUS  ENAMEL  COVERING 

•  ACCURATE  &  DEPENDABLE 

•  FUUY  TRADE  &  WAR  TESTED 

The  TRU-OHM  Resistor  is  a’ 
superior  product  of  fine  engi¬ 
neering  skill  and  manufactured 
with  war-tested  experience.  A 
wide  variety  of  types  is  available 
for  immediate  or  quick  delivery. 
Write  us  your  requirements  or 
send  for  free  catalog. 


M 


Stock  Molded 

KNOBS 

For  Every  Requirement 

ROSAN  ofFers  a  large  selection  of  plastic 
Knobs  from  stock  molds.  These  are  supplied 
without  tool  charge.  Available  in  various  sizes, 
shapes  and  colors.  Smartly  styled,  quality  made, 
ideally  suited  for  a  wide  range  of  applications. 
Markings  can  be  branded  in  "deep  relief  on 
blank  parts,  as  desired.  Whatever  your  knob 
requirements  may  be,  Rogan  is  equipped  to 
serve  you  faster,  better,  more  economically.  In 
addition,  Rogan  ofFers  a  complete  source  of 
compression  molded  parts  of  all  types.  Write  for 
complete  details  NOWI 

ROGAN  BROTHERS 

2003  S.  MICHIGAN  AVC.  •  CHICAGO  U.  ILLINOIS 

Compression  Molders  and  Branders  of  Plastics 


1 


m  M 


parts  of  100%  rust-proof  Zinc 

•Hoy. 

Accurata  to  spacification  Hold  to  tolar- 
•ncas  of  .005. 

Thraads  raquira  no  machining. 

Ideal  for  instrument,  small  machine  and 
minute  electronic  parts. 

Producers  e#  tke 

Two  Vital  Aids  to  Manafocturers  of 
Miniature  Tube  Radies. 

JE-10  STAR  MINIATURE  SOCKET 
WIRING  PLUGS. 

JE-13  STAR  MINIATURE  TUH  PIN 
STRAIGHTENERS 

Write  for  complete  Mormetlom 

STU  EXPMISIM  PRODUCTS  CO. 

(INCORPORATED) 

147  Cedar  St.  New  York  4,  N.  Y. 


We  think  $o—and  so  do  our  customers.  Our  tests  are 
discorUinued  after  30,000  on-off  cycles.  They^re  good! 


SPST  ROTARY  SHAP  SWITCH 

3A— I2S  V.,  I  A— 250  V.  Cats- 
log  No.  100.  >A"  IPS  X  5/16" 
Shank,  Single  Hole  Mounting 
l6"  Leads,  One  Knurled  Nut. 


McGRAW-HILL 

OIREH  MAIL  LIST  SERVICE 


Lilted  by  Vnderviriters’  Laboratories,  Inc. 


WRITE  FOR  BULLETIN 


MMimrCr  ELECTRIC  &  MFO.  CO.,  Inc. 

34-63  $6TH  STREET,  WOODSIDE.  NEW  YORK 


If  You  Are  Having  Difficulty 
Maintaining  Your  Mailing  Lists... 

Probably  no  ethnr  organization  Is  at  wall  aguipped  at 
McGraw-Hill  to  telva  the  complicated  problem  of  list 
maintananca  during  this  period  of  unparallaled  change 
In  industrial  partonnal.  ^ 

McGraw-Hill  Mailing  Lists  cover  most  major  indus¬ 
tries.  They  are  compiled  from  exclusive  sources,  and 
are  based  on  hundreds  of  thousands  of  mail  qu^ion- 
naires  and  the  reports  of  a  nafion-wida  field  staff.  All 
names  are  guaranteed  ecenrefe  within  2%. 

When  planning  your  direct  mail  advartisinq  and  salat 
promotion,  consider  this  unique  end  economical  tnrvicn 
^  in  relation  to  your  product.  Details  on  raquest. 

McGraw-Hill  Publishing  Co.,  Inc. 

'  DIRECT  MAIL  DIVISION 
330  West  42nd  Streot  New  York,  18,  New  York 
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if  “Right  angle^ 
belt  drive  and 
patented  ^^seis* 
mic*'  Bub  base 
motor  mount* 
ing 

if  Instant,  fool* 
proof  lever 
shift  from  78 
to  33 ^  R.P.M. 

if  New  microm* 
eter  speed  ad* 
justment  and 
patented  plane* 
tary  ball  bear* 
ing  transmis* 
sion. 

NEW!! 

if  Transcription 
Tone  Arm  with 
“GE”  Variable 
Reluctance 
Cartridge!! 


Console  $90  Chassis  $29S 
Duplex  Console  $150 
Transcription  Tone  Arm  $74.50 


RaBINS30:N 


^  RECORDING^ 
LABORATORIES 


7^  tW-WeatAe^ 


lYPE  65X 

ActtfolSii* 

Oth.r  typ«. 

n  i.  til.  lowr  vol— 

GIVIS  di#.r."» 

typ**  y.  about  coBftruetion. 

,opy.  witl. 

y,t  wiN  b. 

taf  l»-todoy« 

S.S.WHin 

iw  IL  &  wmra  DiNTAi  Mfa  ca 


Noiseless  in  operation 
Strong  and  durable 
Good  performance  in  all 
climates 


STANDARD  RANGE 
1000  ohms  to  10  megohms 
•  NOISE  TESTED  • 

At  slight  additional  cost,  resistors  in  the 
Standard  Kongo  oro  supplied  with  each 
resistor  noise  tested  to  the  following  stand¬ 
ard:  "For  the  complete  audio  frequency 
range,  resistor  shall  have  less  noise  than 
corresponds  to  a  change  of  resistance  of 
1  part  in  1,000,000." 

HIGH  VALUES 

15  to  1/000,000  megohms 


INDUSTRIAL 


OIVtSIOIf 

»IPf.  t.  ig  SA«f  ••to  ft.,  NIW  TORK  l«.  N.  T.^ 


lia  ROBINSON 


Precision  TuMtaWes 


Here  Today . . . 
And  Here 
TOMORROW! 

Ar*  yoa  oa  Eketroaic 
Eqalpiaoat  Moaafaetarar 
leeklag  for  a  highly  soth* 
factory— aad.  abevo  all 
also,  stabfa  searca  of 
fraasfonaara? 

Kaayea,  for  ovar  20  years, 
has  tarvad  aad  piMsad 
paoplo  last  llha  yea.  Aad 
will  eeatiaaa  to  larvo 
oad  plaasa  '  iadafiaitoly. 
So  if  yea  are  haviag 
“bora  today  aad  geaa  to* 
oierrew''  troablo  ea  traas* 
foroior  sapply  — ceoia  to 
Kaayea! 


TH£  UAMK  or. 


,KXCSUtNCt 


KENYON 

TRANSFORMER  CO.,  Inc. 

840  BAKIY  ST.,  NEW  YORK,  N.  Y. 


Find  Oat  Now  About 

★  STAR  ★ 
CERAMICS 


There  are  many  kinds  ior 
special  uses,  such  as  appli¬ 
cations  calling  ior  resistance 
to  electricity,  heat,  moisture, 
chemicals  or  weathering 
agents.  There  ore  more  than 
a  score  ol  formulas  in  ac¬ 
tual  production  at  one  time 
in  our  factory. 

Send  for  “A  Brief  Survey 
of  Technical  Characteristics 
of  molded  Ceramic  Prod¬ 
ucts."  It  is  right  to  the  point. 


The  STAR 
PORCELAIN  CO. 

Electronics  Dapt. 

Trenton  9,  N.  J.  * 
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ELEPHANT  BRAND 
PHOSPHOR  BRONZE 


WISE  fai  coils  for  spring  monufac- 
turors:  Flat  wiro,  in  coils  or  lengths; 
Tinnod  binding,  for  armatars  work; 
Straightoiiod  (round),  in  iongths.  Ail 
wiro  con  bs  suppliod  bright- 
annooUd. 


SHEETS  in  rolls;  Slit  shoot  motal. 
tinnod  both  sides — in  Torious  gauges 
and  tempers  coToring  a  broad  range 
of  uses. 


V  % 


RODS  up  to  6"  diometer.  in  Round. 
Squore  and  Hex  .  .  .  groilable  now 
for  prompt  deliTery. 

Elephcmt  Brand  Phosphor 
Bronze  has  been  used  by 
thousands  of  manufacturing 
firms  in  all  branches  of  in¬ 
dustry  for  nearly  three-quar¬ 
ters  of  a  century — Since  1874 
mcmufacturers  of  nothing 
else  but  Phosphor  Bronze. 

THK  PHOSPHOR  BRONZf  SMELTING  CO. 
2200  WathlnitoR  Avt.,  PhllaOtIphIa  46.  Pa. 

PImm  Mnd  m*  a  May  of  your  Technical  Data  BMk 
Name  .  Title . 

i 

FTrni  . .* . . . . . 

Addrou  . . . . 


NEWS  OF  THE  INDUSTRY  (continuadj 

NBC  and  Frank  P.  Schreiber  of 
station  WGN,  were  elected  to  the 
Board,  replacing  0.  B.  Hanson  of 
NBC  and  E.  A.  Hayes  of  Hughes 
Tool  Co. 

The  Ward  Products  Corp.,  Cleve¬ 
land,  Ohio,  has  been  purchased  by 
The  Gabriel  Co,  of  Cleveland,  and 
will  continue  operation  as  a  division 
of  the  latter  company. 

Dundee  Corporation,  Chicago,  Ill. 
has  been  organized  for  the  design 
and  manufacture  of  x-ray  tubes, 
with  H.  A.  Dodge  as  president,  D. 
W.  Dunk,  formerly  with  Eureka 
X-Ray  Tube  Corp.,  as  vice-presi¬ 
dent  of  manufacturing,  and  Z.  J. 
Atlee,  formerly  with  General  Elec¬ 
tric  X-Ray  Corp.,  as  vice-president 
of  engineering. 

Westinghouse  Electric  Corp.  an¬ 
nounces  a  broad  sales  and  servicing 
agreement  with  Tropical  Radio 
Service  Corp.,  wholly-owned  subsid¬ 
iary  of  United  Fruit  Co,  Westing- 
house  will  manufacture  complete 
marine  radar  equipment  of  its  own 
design,  of  the  continuous  ppi  type 
with  range  of  from  100  yards  to  32 
miles,  with  Tropical  as  a  major 
channel  for  installing,  licensing, 
servicing,  and  selling  the  units. 

Mutual  Broadcasting  System  has 
begun  work  on  $2,500,000  radio  and 
television  studios  in  Hollywood, 
Calif.,  in  which  is  to  be  a  unique 
quarter-million-dollar  master  con¬ 
trol  panel  serving  a-m,  f-m,  and 
television. 

General  Electric  Co.,  Syracuse, 
N.  Y.,  shipped  its  100th  f-m  radio 
broadcast  transmitter  to  station 
WPEN-FM  in  Philadelphia,  and  is 
now  working  to  fill  the  more  than 
100  additional  orders  still  on  hand. 

Eastern  Amplifier  Corp.,  New 
York  City,  announces  assumption  of 
complete  control  by  Leon  Alpert. 
The  new  management  plans  to  ex¬ 
pand  the  products  and  sales  of  the 
firm  in  the  sound  systems  field. 

Hazeltine  Electronics  Corp.,  New 
York  City,  announces  that  starting 
March  1  its  Lanac  system  will  be  in 
every  day  operation  by  the  AAF 
All-Weather*  Flying  Division  on  the 
air  route  between  Clinton  County 


0  Communications 
0  FM  and  AM  Transmitters 
0  Aviation 

0  Frequency  Standards 

0  Measuring  Equipment 

0  X-ray  Equipment 

0  Electronic  Heaters 
and 

any  other  equipment  that  re¬ 
quires  precise  frequency  control. 

e  e  • 

For  complete  information,  write  today  to  i 
General  Electric  Company;  Electronics 
Department,  Syracuse  J,  N'ew  York, 

t  l•e-F» 


GENERAL 
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FUKNACtS 

POWIft 


TEST  YOUR 
MAGNETIC  CIRCUITS 


Lik*  tkli  stardy,  handy.  timnaaTing 
XCEUTE  Da  Lnx  Hut  Drirar  Sal.  tha  anttra 
XCEUTE  tool  Una  giraa  yon  tha  quaUty 
adTontoqaa  oi  OBlGDfAUTY  in  daidgnl 
Aak  your  daolar  about  XCEUTE  ahockytool 
•crawdriTora  ond  nut  drlTara  ...  aaa  why 
thay  maka  your  )ob  a<^atl 

Park  Motalwora  Co.,  Inc. 

D«pt.  C,  Orchard  Parh.  Naw  Yerii 


j  D«pt.  C,  Orchard  rare.  Naw  totb 

TetfU  PREFERRED  BY  EXPERTS 


mASE 

CHANGING 


DISTliiUTION 

ETC. 

♦ 

Air.  Oil. 
or  Wa«ar 


as  a  source  of  pre- 
cision  -  made 
WASHERS  and 
STAMPINGS 
manufactured  to 
your  specifications 


CUP  WASHERS  - 

r  1.  «  your  specification! 

for  Binding  Screws 

WHITEHEAD  STAMP  I  KG  CO. 


1691  W.  LafayeKe  Blvd. 


Detroit  16,  Michigan 
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Sizas  Va  To  250  KVA 

SPOT  WELDERS! 


OF  ALL  TYPES 
FOR  ALL  PURPOSES 
SIZES  •/•  TO  2S0  KVA 
Raft  Waldart  •  Goa  WaMari 
Arc  Waldara 
Naea  Siga  UaHa 
Flaaraaeaat  Taba 
Maaafoctariag  Egaipinaat 


CHAS.  EISLER 


EISLER  ENGINEERING  CO. 


Not  Itmttad  to  a  sinqia  typa  of  maatura- 
mant.  Has  unWartal  application  for  labora¬ 
tory  or  production.  Maasuras  strangth  of 
magnats  and  alaefromagnats,  parmaabilify 
and  hytfarasit  loops  for  iron  and  sfaal,  total 
flus  Unas  In  circuit,  flux  linas  davalopad  In  air 
j  gap,  ate. 

I  Has  a  machanical  clamp  to  protact  tha 
I  pivots  and  jawals  whan  In  transit. 

I  Low  prica  $125  aaf  FOR  Combrldga,  Mom. 

i  RAWSON  ELECTRICAL 

i  INSTRUMENT  COMPANY 

\ 

j  111  Fotfar  Stiwot.  Combrldga  42,  Maas. 
Rapratootafivas 

Chicago  Los  Angeles  Naw  York  City 


TSI  Sa.  ISth  St.  (Nsar  A«aa  Asa.),  Nawarfc  S,  N.  J. 


ITC 


LOOK  TO 


RAWSON  FLUXMETIR  TYPE  S04 


Tha  only  pertabla  fluxmator  avallabta  which 
raturns  rapidly  to  zaro  whan  a  singla  button 
Is  daprassad.  SImpla  and  fast  In  oparation. 
Convanlant  and  light  In  waight. 


EISLER 

ELECTRICAL  &  ELECTRONIC 

EQUIPMENT. 

ELECTRONIC  TUBE  EQUIPMENT 

-  24  HEAD 

RADIO  YURI 
EXHAUSTING 
MACHINE 

♦ 

Wa  Maka 

Com  Plata 


"DIALCO"  PLN-849  Pilot  Lights 

Designed  for  the  New  Neon-5 1  Lamp 

Feature  BUILT-IN  RESISTORS 

For  1 10  Volts  (and  higher) 

A  RUGGED  UNIT.  Cossanat  a  snail  aneaat  of  carroat 
(usdar  osa  nillianpora)  aid  has  depeadabla  losg  Ufa. 


of  PLN.849  Pilot  Light: 

(1)  RESISTOR  INTEGRAL 
with  socket  assembly.  Value  to 
suit  supply  voltage. 

(2)  Moulded  Bakelite  Socket. 

(3)  FuU-view  Jewel  Plastic 


DIRL  LIGHT  CO. 


WRITE  FOR  NEW 
ILLUSTRATED 
BROCHURE 


unc. 


900  BROADWAY  •  NEV/  YORK  3,  N.  Y. 

Tebphone:  ALgonquin  4-5180-1-2-3 


F«r  p^ufect  countersink-fit; 
positive . wrenching — and' more ! 


All  sizes  from  No.  4  to  *4"  diameter,  in 
standard  lengths,  —  for  small  electronic 
devices  or  heavy  machine  tools; — afford¬ 
ing  these  advantages  as  jlmh  fastenings: 

(1)  Flush  top  surface  with  no  gap  be¬ 
tween  screw  head  mod  su^Au^ing  metal. 

(2)  Extreme  rigidity  of  gHpt  because 
angle  of  head  helps  lock  screw  in  place 
by  drawing  down  on  a  conical  surface. 

(3)  Firmer  hold  on  thin  plates  of  metal, 
by  more  binding  surface  under  the  head 
than  in  fillister  type  or  cheese-head  screws. 

(4)  Shallower  countersink — less  weak¬ 
ening  of  metal — when'used  for  fastening 
a  relatively  thin  plate. 

(3)  Positive  engagement  of  hex  key 
transmits  power  for  tightest  of  set-ups 
without  slipping,  reaming  or  side  play. 

(6)  Maximum  strength  of  screw  itself 
assured  by  "pressur- forming'’  of  special - 
analysis  Allenoy  steeL  Threaded  to  a 
high  Class  3  fit. 

(7)  Speed  in  assembly  provided  for  by 
use  of  Allen  hand  drivers  and  key  blades 
for  power  drivers. 

Order  of  your  local  ALLEN  Distributor, —  or 
ask  him  for  samples  and  enaineering  data  for 
^  preliminarr  try-out.  Get  proof  that  these 
screws  perform  as  dependably  as  Allen  Hol¬ 
low  Set  Screws  and  Socket  Head  Cap  Screws. 


THE  ALLEN  MFC.  CO., 

HARTFORD  1,  CONN.,  U.  S.  A. 


NEWS  OF  THE  INDUSTRY  (continued) 

Army  Airfield  and  Andrews  Field 
in  Maryland.  In  earlier  tests  of  the 
system  at  Indianapolis,  three  LanaC" 
equipped  planes  were  able  to  land  at 
one-minute  intervals  through  an 
overcast  so  bad  that  all  commercial 
planes  in  the  area  were  grounded. 

Blackburn-Hamilton  Co.  has  been 
organized  as  a  firm  of  radio  station 
brokers,  with  offices  in  Washington, 
D.  C.  and  San  Francisco,  Calif. 

Burndy  Engineering  Co.  has 
opened  a  new  factory  and  ware- 


I  M«w  Borady  plant  in  CoUiornla 

house  in  Vernon,  Calif.,  for  manu¬ 
facture  of  connectors. 

Allen'  B.  Du  Mont  Laboratories, 
Inc.  has  installed  a  new  RCA  three- 
bay  superturnstile  antenna  for  its 
television  station  WABD  in  New 
;  York  City,  increasing  the  effective 
radiated  power  from  1.81  kw  to 
17.8  kw,  which  gives  the  maximum 
j  coverage  allowed  by  present  FCC 
1  regulations. 

j  Hallicrafters  Co.,  Chicago,  is 
’  sponsoring  a  six-month  expedition 
j  to  equatorial  Africa  for  explora¬ 
tion  of  the  Mountains  of  the  Moon 
and  the  Lost  Lakes  of  the  Ruwen- 
zori  and  to  conduct  scientific  re- 
I  search  and  short-wave  radio  experi¬ 
ments.  Leader  is  Commander  Attilio 
Gatti.  From  the  expedition’s  field 
camp  on  Ruwenzori,  a  powerful 
short-wave  radio  station  will  main¬ 
tain  contact  with  the  home  station 
at  the  new  Hallicrafters  plant  in 
Chicago,  and  with  amateur  radio 
operators  throughout  the  world. 

Bendix  Radio  Division,  Baltimore, 
Md.  announces  that  one  of  its  latest 
radar  airport  surveillance  devices, 
known  as  AN/GPN-2,  has  been 
loaned  to  CAA  by  the  U.  S.  Navy 
for  use  at  Pittsburgh  airport  to 
provide  exhaustive  practical  test¬ 
ing  of  radar  for  airport  traffic  con¬ 
trol.  It  gives  360-degree  coverage 
up  to  10,000  feet  altitude  within  30 
nautical  miles  of  the  airport.  Do- 


cathode  rayI 

SOCKETS 


Sc.Ui 


•01. S  PLUGS 


Ull-S  SOCKETS 


MINIATURE 

CONNECTORS, 


500  S«>ici 


1*1-5  PLUGS 
44.1.1^  SOCKETS 


a  few 

aiDEM  PRODUCTS! 

An  adding  tim*  soring  in  mannioctur*— :Con- 
rsnisnc*  ol  us* — soleabiUty— or  o  roducod 
ororall  cost  to  tho  product  on  which  thoy 
are  used. 

Read  about  them 

211  AND  214  SERIIS  CATHOOl 
RAY  TUU  CONNECTOR 
WITH  LEAnS 

Any  requirementii  in  a  cathode  ray 
tube  connector  with  proper  lead) 
attached  engineered  aa  an  aaaembly, 
high  safety  faetora  in  all  kinds  of 
•ervice.  ^per-long  leakaM  paths 
rounded,  “ooronaleas"  cl'ipa  and 
itilNaal  pocket  type  in^ation 
and  strain  raief. 

•01-S  SHIELDED  PLUGS  AND 
411-5  METAL  SOCKETS 

Shielded  plug  and  socket  for  auto¬ 
mobile  sets  or  for  any  other  Muip- 
ment  where  leads  must  be  shidd^ 
and  shield  grounded  to  chassis.  Shield 
is  easy  to  put  on  and  solder  to  plug 
SupplM  with  or  without  shidd^ 
eaUe. 

MINIATURE  CABU 
COVMECTORS  SOO  SERIES 

Famous  for  eonneetiiw  AC  motors 
in  emnbination  sets  ana  all  kinds  of 
“through-pand''  work.  Overall  diam¬ 
eter  only  H',  Save  labor  costs  by 
having  our  special  wire  equipment 
put  on  leads  to  your  particular  needs. 
Underwriters  approved. 

121-S  MINIATURE  PLUGS 
AND  441-5  SOCKETS 
Conpaet  plug  and  metal  seal 
looket.  Use  wnen  you  want  connector 
to  come  directly  out  of  chassis.  Leads 
to  your  specifications.  "Pocket”  type 
i^ividiud  insulation  on  eaeh  lead 
and  dip. 

AC  OUTLET  402AC 

Smallest  possible  outlet  that  can 
be  eydetted  or  riveted  to  chassis  like 
other  components.  Tabs  designed  for 
easy  soldering. 

AC  LINE  CORDS  202  SBtlES 

Detachable  AC  line  and  with 
socket,  neat  and  oompact.  pocket  eye¬ 
lets  or  rivets  in  {dace  like  other  com¬ 
ponents.  Underwriters  apiwoved. 
FUSEHOLDER  440FH 
Here  is  a  fuseholder  that  rivets  or 
eyelets  in  place  like  the  other  oompo- 
nents  in  your  set.  Cannot  twist  or 
turn,  has  spring  to  eject  fuse  if  it 
brdUu,  and  make  contact  at  base  of 
fuse  and  iwevent  rattle.  Tcm  contact 
slotted  for  easy  ranoval  of  fuse  fer¬ 
rule  wten  g^ass  breaks.  Tabs  sn 
siiwial  desini  for  ease  in  attaching 
primary  leads  of  amide  sise. 

90  SERIES  TUBE  CAP 
CONNECTORS  WITH  LEADS 
Any  requirement  in  tube  cap  eon- 
Doctors  supplied  with  leads  of  proper 
vdtsge  handling  eharaeteristies. 
Many  made  siiMial,  hundreds  of 
moldings,  stampings  and  wire  to 
draw  on. 

206-t  TUMNG  EYES  WITH 
LEADS 

Supplied  with  tailor-made  leads 
With  or  without  eeeuteheon  and 
bracket.  Individual  insulation  and 
strain  relief  for  eaeh  lead. 

200  SERIES  DETACHABLE 
TBtMMAL  CONNECTORS 
Replaces  terminal  striiis.  Supplied 
with  leads.  Each  lead  hu  individual 
insulation  and  strain  relief. 

WIRE  AND  CABLE 
Any  kind  of  wire  or  cable  lae^ 
brtuded,  woven  or  assembled  with 
any  of  our  eomiwnents  or  Ukm  of 
other  make.  Many  type*  of  wire  in 
stock  and  in  {irooeas. 

NEW  ITEMS 

Alden  is  a  siieeialist  in  briiu^ 
through  special  rleetrical  assemblies: 
new  samiileB  made  promptly. 


AC  OUTLET 


401  AC 


AC  LINE  CORD» 


*0* 


FUSEHOLDER 


440  FH 


TUBE  CAP 
CONNECTORS 


TUNING  EYES 


*06.*  Series 


DETACHABLE 

TEBMINAL 

CONNECTORS 


too  Seiiei,V 


i-ALl 


Radio  Cooipoaoott 

FoctImlU  ood  iMpoho  Roeordlog  IgoipoMot 

ALDEI  PIOIICTS  COMPANY 

BROCKTON  64,  MASS. 
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for  Continuous  Spectrum  Analysis.. 

PANALYZOR 


Favored  alik#  by  dovoIepiMBt  onfd* 
Booro.  uaivoroitioo  aad  manuiacturors, 
Faaalyier  iaataBUy  obowa  tbo  Iro- 
quoBey.  aBi|^ludo  aad  atability  ^r> 
aetoriatica  ol  eao  or  aovorol  ^mtagoa 
abaultaaooualy  ia  a  baad. 

Toa  ataadard  aiodola  with  aacodoiaaB 
aeaaaiag  widtba  of  SOKC  to  SOMC  allow 
liaaMoaa  applicatioa  wborovor  aaooaaro- 
wm  aad  eoatrol  of  froquoaey  or  of 
aay  diiaoaaioa,  coavortiblo  to  f^ 
qaoaey.  is  ossoatial. 

Write  for  addilioaal  details  or  see  os  at 
the  IBE  Wialer  Sbow>  Booth  mo 


PANORAMIC 


RPDID  CCRFOflRTION 


24r  25C  AEST  SS  '  5’’  /.  t  .  >  '/ 

Canodiox  •tpiaiiatali.t  Caitidiaa  Maxani,  l)d. 


BOOKS 

FOR  THE 

ENGINEER 


UNDERSTANDING 

MICROWAVES 

(Chapter  Heads) 

The  Ultra  High  Fraawency  Cawcapt 
StotioNory  Chorgo  and  it*  Field  a  Mag« 
netettotic*  a  Alternating  Current  and 
lumped  ConetonH  a  TronsmiMion  lines 
Peynting's  Vector  and  Maxwell's 
Equations  a  Wovsguides  a  Resonant 
Cavities  a  Antennas  a  Microwave 
Oscillatori  a  RcMiar  and  Cemmunica- 
tion  a  Section  Two  is  devoted  to  do* 
scripMons  of  Microwave  Terms,  Ideas 
and  Theorems.  Index. 

400  FAOES  PRICE  $4.00 


i  A-C  CALCULATION 
CHARTS 

Student  engineers  will  find  this  book 
invaluable.  Simplifies  and  speeds 
work.  Covers  all  AC  calculations 
from  10  cycles  to  1000  megacycles. 

160  PAGES  PRICE  $730 


JOHN  Fa  RIDER,  Publisher, Inc. 

,  404  tOUatM  AVfHUE.  NIW  TOi*  U  Id  T 

[^iitosiois  tacit 'tBTitssTteasi  me  ctir' 
{fi}|  SOTS  tiiirt  SIB  tots  C)Tr  csait  ss'.tt 


■n 

■a,  ' 

i  V,  .jF  1 

B 

B 

1 

'  >'y 

! 

1 

,  / 

1 

>  %  i 

1 

✓ 

1 
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more  dependable  than 


Custom 
Made  Nuts  in 
Brass,  Steel  and 
Various  Alloys 


electrox 

rectifiers 


SMALL  PARTS 

Filamentg,  anodes,  supports,  springs, 
etc.  for  electronic  tubes.  Small  wire  cmd 
flat  metal  formed  parts  to  your  prints 
for  your  assemblies.  Double  pointed  piw 
Wire  straightened  and  cut  diameter  up  to 
Vb-inch.  Any  length  up  to  12  feet.  ‘ 

LUXON  fishing  tackle  accessories. 
Inquiries  will  receive  prompt  attention. 

ART  WIRE  AND 
STAMPING  GO. 

227  High  St.  Newark  2,  N.  I. 
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Your  Switch  Design 

ACRO  Snap- Action 


NEWS  OF  THE  INDUSTRY  (centiniMd) 

signed  as  a  mobile  supplement  to 
GCA,  the  equipment  requires  only 
one  operator  and  includes  two-way 
radio  operable  on  all  aircraft  fre¬ 
quencies.  Fast  time  constant  cir¬ 
cuits  reduce  the  masking  effect  of 
ground  clutter  on  the  ppi  indicator, 
simplifying  tracking  of  planes  close 
to  the  ground. 


Pacific  Electronics  Engineering 
Co^.,  I^s  Angeles,  Calif.,  is  set¬ 
ting  up  a  demonstration  microwave 
transmission  service  between 
Shanghai  and  Soochow  in  China  as 
the  first  step  in  selling  microwave 
equipment  to  the  Ministry  of  Com¬ 
munications  for  eight-channel  tele¬ 
phone  communication  service  to 
serve  in  place  of  wire  lines.  Advan¬ 
tages  of  radio  include  freedom  from 
pilferage  of  wire. 


ACRO'S  Patented  Rolling  Spring  construction  is 
widely  preferred  by  prominent  manufacturers  for  its  inherent, 
positive  snap  action  and  long  life.  Permits  a  wide  variation  in 
operating  characteristics,  size  and  shape.  Two  pole  design 
shown  is  made  with  either  single  or  double  throw  contacts,  with 
operating  pressures  from  3  to  5  oz.  Movement  differenHal 
]4'..ltelfngt  15  Amps,  125  Volts  AC  Write  for  print  of  Two 
P^. Switch  Rlustrated  or,  better  still,  send  us  your  own  engi¬ 
neering  detbib  for  quicker  action. 


PERSONNEL 


WiUiiAM  F.  Cotter. becomes  chief 
engineer  for .  Scott  Radio  Labora¬ 
tories,  Inc.,  Chicago,  succeeding 
Marvin  Hobbs  who  is  engaging  in 
consulting  engineering  on  radio 
broadcast  equipment. 


'IfoOmeU* 


Eugene  Frekko  was  appointed 
chief  engineer  of  the  electrolytic 
division  of  Comell-Dubilier  Elec¬ 
tric  Corp.,  South  Plainfield,  N.  J., 
succeeding  Paul  McKnight  Deeley 
who  becomes  manager  of  the  plant. 


John  I.  Adams  is  director  of  re¬ 
search  for  Schweitzer  Paper  Co., 
Mt.  Holly  Springs,  Pa.  in  connec¬ 
tion  with  manufacture  of  capacitor 
papers.  He  was  formerly  with  the 
paper  group  at  the  Pittsfield,  Mass, 
plant  of  General  Electric  Co. 


Conrad  H.  Hoeppner  has  resigned 
as  head  of  the  Naval  Research 
Laboratory  Telemetry  Group  to  be¬ 
come  director  of  the  Glenn  L.  Mar¬ 
tin  Co.  Electronics  Laboratory, 
Baltimore,  Md. 


Advoacsd  Design  gives 
you  a  sensitivity  and  ire* 
quency  response  never 
before  obtained. 


Logarithmic  voltage  scale 
^  •  Linear  DB  scale 

•  Inpnt  2  Megohm  15  MMF 

•  Range  .0005  to  500  volts  •  Accnracy  ±2% 

•  Freqnency  5  CPS  to  2.0  MC  •  Stability  ±  1%  105  to  125  V 

Ideal  for  Audio,  Supersonics,  Lower  Radio  Frequency  Spectrum. 
Measures  Stage  Gain,  RF  and  IF  Amplifiers  on  Broadcast  Receivers. 

INSTRUMENT  ELECTRONICS 

'42-1 7A  Donglaston  Parkway  Donglaston,  L  I..  N.  Y. 


Emil  Reisman,  formerly  with  In¬ 
ternational  Resistance  Co.  for  over 
14  years,  is  chief  engineer  of  Re¬ 
sistance  Products  Co.,  Harrisburg, 
Pa.  '  .s 


Everett  W.  Thatcher  becomes 
head  of  the  research  division  of  the 
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INCJiBASE 

CRYSTAL  USES 

through  COLONIAL’S 

LoW‘Pr  iced 

Type  CR-7 

CRYSTAL  HOLDERS 


In  manufacturinc  million*  of 
crystal  holders  during  tha  war. 
Colonial  developed  methods  which 
enable  them  to  mass-produce  Type 
CR-7  ceramic  base, crystal  holders 
at  an  unbelievably  low  cost. 

To  you  as  a  crystal  or  radio 
manufacturer,  this  low^older  cost 
means  that  srou  can  msdhefca  4ower  , 
priced  crystal  —  or  that  fou  can 
apply  crystal  control  to  many  addi¬ 
tional  electronic  applications  in 
which  high  cost  -  has  prohibited 
widest  possible  crystal  use. 

Check  the  specifications  of  these 
Type  CR-7  crystal  holders,  then 
write  for  a  quotation  on  whatever 
quantity  will  fill  your  needs. 


CWenlel  Type  CR-7 
Ceramk  Bate  Crystal  Holden 
SpecMketiens: 

•ate  dimstislon* . Vu*  > 

Cover  Height— or 
Leods— tinned  copper  wires  I  %  *  long 
Mounting  springs— any  height 
Seating— mechanical— adequate  pro¬ 
tection  for  oH  average  ceciditiens 


COLONIAL  ELECTIIC  PRODUCTS 

also  monufocturesi 
Navy  Type  CR-7  hermetically-sealed 
crystal  holders 

Army  Type  NC-6  hermetically-sealed 
crystal  holders 

Adaptors  for  converting  present 
equipment  to  use  of  Type  CR-7 
crystois 

Cold  Cathode  FIvereteent  lamps 
“2537"  Ultra  Violet  lamps 
High  latensity  Fhoto  Flash  Tubes 


PRODUCTS  COMPANY 


»500~48th  Stfoot  Noith  Botqon  N  J 


Naval  Electronics  Laboratory  at 
Point  Loma,  California.  He  served 
as  deputy  technical  director  of  the 
atomic  bomb  tests  at  Bikini,  and 
during  the  war  studied  enemy  elec¬ 
tronics  activity  in  France  and  Ger¬ 
many. 

Vannevar  Bush,  president  of  Car¬ 
negie  Institution  of  Washington 
and  wartime  director  of  OSRD,  has 
been  named  the  1946  winner  of  the 
Hoover  Medal,  jointly  awarded  by 
AIEE,  ASCE,  AIMME,  and  ASME. 
The  citation  reads,  “Engineser,  ed¬ 
ucator,  and  administrator,  who,  in 
critical  time  of  need,  was  in.  a  most 
special  sense  an  organizer,  guiding 
spirit,  and  driving  force  of  the  na¬ 
tion’s  achievements  in  physical  and 
medical  science;  to  whom,  for  out¬ 
standing  public  service,  is  awarded 
the  Hoover  Medal  for  1946.” 

Kenneth  A.  Norton  becomes  chief 
of  the  recently  established  Fre¬ 
quency  Utilization  Research  Sec¬ 
tion  of  the  Central  Radio  Propaga¬ 
tion  Laboratory  at  the  National 
Bureau  of  Standards.  This  section 
will  investigate  the  utility,  for 
.specific  applications,  of  various  por¬ 
tions  of  the  crowded  radio  spec¬ 
trum.  Currently  the  section  is 
studying  comparative  accuracy  of 
various  existing  and  proposed  radio 
navigation  systems  for  aircraft  and 
s 
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WHATISTHE^I 

FREQUENCY  OF  YOUR 


SUPREME 


SIRREME  Modql  376 
Oscillator. 

SUPREME  Osciliators  cannot 
measure  the  wave  length  of 
your  dollars,  but  they  can  in¬ 
crease  the  frequency  by 
which  they  find  themselves 
stopping  in  your  cash  register. 


Kri  Kij  tYtumBUR  tlat'/t'RCKrsWiHKMiTifSSiWiTTS 

mv^a  u  jf  J 1  1  i  M  V.:  v.'i:  L  •  I  •  O)  i  M  i  1 1  k  9 

-0-00  0 


SUPREME  Model  561  A.P. 
and  R.  F.  Oscillator. 

See  th  ese  and  other  SU¬ 
PREME  Testers  at  your  Au¬ 
thorized  SUPREME  Distribu¬ 
tor.  _ _ 


OR,  aril* 

ter  Btw  eatslsgss 
H*.  44S  fsr 
sseslsl*  Rstails  asR 
Raterlatlsst. 


SUPREME 


SUPREME  INSTRUMENTS  CORP. 

GREENWOOD,  MISS.,  U.S.A. 

• 

EXFORT  DEFT: 

Tbs  Aacricaa  Steal  EigsH  •*••  Isa., 

S14  Msiisas  Avs.,  Raw  Tark  IT,  N.  V. 


'  FLASH 
INTENSITY 
DAYLIGHT 
QUALITY 


I  hex, 

PHILLIPS, 
f  FLAT 

SCREW  DRIVER 


in  this  compact 


COLONIAL'S 

ELECTRONIC 
PHOTO-FLASH  TUBE 
Model  FF-1 


NEW  BOOKS 


Industrial  Carbon 

By  C.  L.  Mantell.  D.  Van  Nostrand 
Co.,  Inc.,  New  York,  N.  Y.,  1946,  Sec¬ 
ond  Edition,  472  pages,  $7.50. 

In  achieving  thorough  coverage  of 
applications  of  carbon  aside  from 
its  use  as  fuel,  this  book  devotes 
one  12-page  chapter  to  the  subject 
of  electronic  tube  anodes.  This 
chapter,  prepared  by  H.  W.  Abbott, 
Director  of  Laboratories  for  Speer 
Carbon  Co.,  presents  a  comparison 
of  the  characteristics  of  graphite, 
molybdenum  and  tantalum,  the 
three  materials  most  used  as 
anodes  of  power  tubes,  then  covers 
in  detail  the  characteristics  and 
manufacturing  techniques  em¬ 
ployed  in  making  carbon  anodes 
for  tubes. — J.M. 


Radio  Operating 
Questions  and  Answers 

By  Arthur  R.  Nilson  and  J.  L. 
Hornung.  McGraw-Hill  Book  Co., 
Inc.,  New  York,  1946,  Eighth  Edition, 
434  pages,  $3.50. 

The  latest  edition  of  this  stand¬ 
ard  technical  radio  review  book  con¬ 
tains  some  revisions  to  compensate 
for  slight  changes  in  FCC  license 
examinations  during  the  past  four 
years,  along,  with  some  new  ques¬ 
tions.  All  answers  to  questions  are 
in  essay  form  to  facilitate  the  study 
required  for  answering  multiple- 
choice  examinations  now  in  use.* 
The  one  outstanding  new  feature 
is  the  adoption  of  ASA  symbols  for 
circuit  diagrams.  All  diagrams  have 
been  revised  to  conform  to  the  new 
standards  and  an  appendix  pre¬ 
sents  a  complete  compilation  of 
these  symbols. — J.M. 


with  interchangeable  bits 


For  men  who  like  to  have  a 
complete  supply  of  tools,  yet 
dislike  bulk  and  confusion,  the 
Hallowell  "Socket  Screw"  Kits 
are  the  answer.  Their  hollow, 
durable  plastic  handles  hold  in¬ 
terchangeable  Steel  bits  for  most 
all  purposes  .  .  .  Phillips,  Hex 
and  Flat.  They  each  have  a 
swivel  bit-chuck,  which  locks 
securely  in  five  positions. 

The  "Socket  Screw”  Kit 
comes  in  2  sizes:  small  #2  5  Kit; 
and  the  large  #50  Kit. 

Other  Hallowell  Kits:"Socket 
Wrench”;  "Auto”;  "Home”. 

Obtainable  at  Dealers 
throughout  the  country.  If  none 
near  you,  or  he  is  sold  out,  send 
his  name  to  us,  along  with 
yours,  and  you  will  be  taken 
care  of  promptly. 

Kail  PolanH  Pvfidinfl 

An  ideal  gift  or  prize 


Manufacturers  or  users  of  elec¬ 
tronic  photo-flash  equipment  seek¬ 
ing  the  best  tube  for  initial  instal¬ 
lation  or  replacement,  should  in¬ 
vestigate  Colonial’s  new  Xenon- 
filled  FF-1-  tube  which  produces  a 
flash  of  daylight  quality — and  per¬ 
mits  the  use  of  dmylight  color  film 
at  mil  titno*. 

Designed  to  deliver  highest  lumen 
output  for  each  watt-second  of  en¬ 
ergy  consumed,  the  FF-1  —  used 
with  a  30  MFD  condenser  charged 
to  2500  volts — Aas  a  light  output 
greater  than  the  "Proaa-dV’  at  a 
shutter  speed  of  l/400th.  Its  gas- 
discharge  flash  reaches  a  value  ot 
approximately  20  million  peak 
lumena  in  a  total  time  of  300  micro 
seconds — and  the  tube  has  a  life 
in  excess  of  2OJ0OO  hmahaa. 

Because,  an  electronic  photo¬ 
flash  unit  is  an  expensive  piece  of 
precision  equipment — be  sure  you 
get  all  of  its  designed  performance 
by  installing  a  Colonial  FF-1  tube. 


Electrical  Engineering 

By  Fred  H.  Pumphrey.  Prentice-Hall, 
Inc.,  New  York,  N.  Y.,  1946,  369  pages, 
$5.35. 

This  book,  intended  as  a  text  in 
electrical  engineering  for  students 
specializing  in  other  fields,  handles 
the  problem  of  holding  interest  by 
restricting  early  chapters  to  essen¬ 
tial  theory  and  by  devoting  almost 
half  the  number  of  pages  to  elec¬ 
tronic  topics  and  applications.  The 
author  points  out  in  the  foreword 
that  amplifiers  as  applied  to  gages 
and  oscillators  as  applied  to  high- 


STMIDAM  PRESUD  STEU  CO. 
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NEW  BOOKS  (confiniMd) 

frequency  generators  are  becoming 
equally  as  important  to  civil  and 
mechanical  engineers  as  to  electri¬ 
cal  engineers.  The  book  is  interest¬ 
ingly  illustrated  and  many  of  the 
exercises  are  so  arranged  that  in¬ 
structors  can  substitute  values  of 
their  own  to  increase  the  variety  of 
numerical  examples  available. 

Industrial  electronic  topics  cov¬ 
ered  include  induction  heating,  elec¬ 
trostatic  precipitation  equipment, 
rectifiers  for  electrochemical  proc¬ 
esses,  electronic  motor  control, 
fiuorescent  lighting,  industrial 
measurements  and  automatic  con¬ 
trol,  electronic  timers,  and  photo¬ 
electric  controls.  The  final  chapter 
deals  with  electrical  conununica- 
tion.  This  book  is  part  of  the  Pren¬ 
tice-Hall  Electrical  Engineering 
Series,  of  which  W.  L.  Everitt  is 
editor. — J.M. 


Explaining  the 
performance  of 
ELECTRON  TUBES 

in  fundamental  combinations 


S.  A.  BARONE 
ARTHUR  J.  ODGERS 
RAY  H.  dePASQUALE 

Cordially  Invite  You 
to  visit  the 

Northern  Radio  Co. 

AND 

S.  A.  Barone  Co. 
BOOTH  m 

I.  R.  E.  RADIO 
ENGINEERING  SHOW 
Grand  Central  Palace,  Mar.  3*6 


Polatimg  fke  way 
to  tko  dosigm, 
aaalYsh  aad 
maMoaaaco 


of  oloetroale 
eircalta 


,ThU  book  prorldM 
both  eoKlneen  and 
pracUcal  plant  men 
with  a  clear  under¬ 
standing  of  the 
performance  of  elec- 
tnbes  in 


tronic  _  _  _ 

fundamental  combi-  f 
naUons  with  other 
circnlt  elements.  It 

demonstrates  the  basic  principles  appl/lag  to  elrcniu 
containing  raennm  tubes,  reducing  such  drcnlta  to 
a  combination  of  more  familiar  circnlt  elements. 
The  material  corers  a  broad  range,  from  fnnda- 
mentals  of  direct  corrent,  to  anxiUarr  drcnlta  and 
eqalpaient  for  cathode-ray  oodlloocopeo.  Included 
are  such  recent  combinations  as  reslataace  capaci¬ 
tance  toned  osdllators,  phase-shift  oodllators,  and 
clrcnlts  for  photoelectric  tubes. 


TRANSMIHERS 


DIVERSITY 

RECEPTION 


Plastics  Handbook  for 
Product  {Ingineers 

By  John  Sasso,  former  Managing  Ed¬ 
itor  of  Product  Engineering.  McGraw- 
Hill  Book  Co.,  Inc.,  New  York,  1946, 
468  pages,  16.00. 

Physical  and  chemical  properties 
of  plastics  and  synthetic  rubber  are 
presented  in  concise  form  for  the 
product  engineer  and  other  users 
of  plastics.  Electrical  insulation, 
dielectric  stress,  flow  tempera¬ 
ture,  and  other  characteristics  of 
importance  to  electronic  engineers 
are  included.  Factors  governing 
failure  of  plastic  products  as  insu¬ 
lators  in  electronic  equipment  re¬ 
ceive '  detailed  attention.  The  use 
of  electrostatic  heating  as  a  method 
of  working  plastics  is  presented  in 
the  chapter  on  recent  developments 
and  techniques. — F.R. 


Fundamentals  of 

INDUSTRIAL 

ELECTRONIC 

CIRCUITS 


FREQUENCY  | 

SHIR  I 


JONES  400  SERIES 
PLUGS  and  SOCKETS 

•A  mo^um  size 
Plug  and  Socket 
duit  fuUQls  prac- 
flcall7  every  re¬ 
quirement  in  the 
public  address, 
radio  and  kin¬ 
dred  fields.  Sock¬ 
et  contacts  ore  of 
phosphor  bronze, 
P-406-CCT  cadmium  plated. 

Ping  contact! 
aro 

plated.  Iniula- 
tlon  ig  of  mold, 
od  BedfoUto.  All 
PhigtondSodt- 
•ti  ato  Polor- 
ixod.  Mod*  in  2. 4.  6. 8. 10  emd  12  contacts. 
Cops  oro  of  steel  with  Indeed  blade  crackle 
enameL  A  quality  item  at  popnlor  prices. 
Send  todoy  for  catalog  No.  14  Bstlng  com¬ 
plete  line  of  Jones  □ectricol  ConnectinoDe- 
Tices — ^Phigs.  Soctets  and  Tendnd  Strips. 


By  WALTHEK  RICHTKB 

Consulting  Electrical  Engineer,  AUla-Chalmerf 
Manufacturing  Company 
569  pages,  6x9,  397  llgiirea,  $4Jt9 
Here  is  an  essentially  practical  and  highly  useful 
presentation  of  electronic  circuits,  bridging  the  gap 
between  the  popular,  and  the  rigorous,  hlghlr 
mathematical,  treatments.  The  treatment  la  coo- 
plete.  It  prorides  enough  information  to  enable  you 
to  analyse  and  design  such  clrcnlts,  yet  keeps  mathe¬ 
matical  requirements  to  a  minimnm.  StressiuE 
fundamental  principles,  the  book  corers  the  element! 
of  electronic  circuits  In  clearcut  detail,  emphasising 
as  well  the  similarity  between  these  and  other  elec¬ 
tric  circuits,  so  that  the  reader  may  tie  up  this  new 
subject  with  what  he  already  knows. 

Harw  or*  a  faw  of  tko  fopiet  eovorod  Is 
tha  27  ekopfors  ia  this  book; 

Nenlintar  Canduotors  Moltivabraters  and  Triner 

Fundnmsfltals  ef  Reetiflsr  Circuits 

Circuits  Gnssous  Tubes 

Multlirid  Tubes  Phetoelsetiie  Tubes 

Multlstate  Ampliflers  Osticnl  Systsms.  Light 

Cathods  Followers  Sourees  and  Flltsrs  tsr 

Vacuum  Tube  ae  Voltmeters  Photesisctrlo  Tubos 

Beat-frequency  Oscillators  Cathode-ray  Tubes 


The  Decibel  Notation 

By  V.  V.  L.  Rao.  Chemical  Publishing 
Co.,  Inc.,  New  York,  1946,  179  pages, 
$3.75. 

The  content  of  this  printing  is 
the  same  as  that  published  else¬ 
where  (Electronics,  p  406  Dec 
1945).  The  treatment  includes  not 
only  elaborate  discussions  of  the 
decibel,  neper,  and  phon,  but  also 
developments  of  transmission  char¬ 
acteristics  in  acoustic  and  electric 
systems,  manipulations  of  loga¬ 
rithms,  and  characteristics  of  sound 
transducers.  Much  space  is  de¬ 
voted  to  obsolete  terms  and 
values.— F.R. 


McGRAW-HILL  BOOK  CO.. 

330  W.  42  St.,  N.Y.C.  It 

Send  me  Richtar’t  Fundamantalt  ef  loduetrlal 
Eleetronlo  CIrcuiti  for  10  days’  examination  on 
aimroTal.  In  10  days  I  will  send  $4-50,  plus  few 
oenta  postage,  or  return  book  postpaid.  (Foutage 
paid  on  cash  orders.) 


B406-AB 


Name 


Address 


Company 


rosltlon  . L-S-4 

(For  Canadian  price,  write;  Embassy  Book  Co. 
12  Blclunond  Street  £.,  Toronto,  1.) 
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Solv«  Wire 
Stripping 
Probinms  with 

"SPEEDEX" 

WIRE  STRIPPER  KIT 

TIm  taaMH  **S»Mdu"  WIr*  ttrlH«r  eoai»l*t« 
wHIi  7  lattnliaiitMiM*  MmIm  Im*  ttripplni  any 
■IM  win  INM  Nn.  •  to  Na.  30  will  fen  tbn  kandinnt 
taal  In  tfen  thap.  Ship*  MO  to  1000  wirnt  par 
feaar  eata  wirat  taa.  Jpat  nraaa  tha  haadia  and 
tha  Jafe  la  dana.  Far  van  arith  aalid  ar  atrandad 
wiraa. 

WRITE  DEPT.  E  FOR  FULL  PARTICULARS 

GENERAL  CEMENT  mm.  co.. 

ROCKFORD,  lUINOIS,  U.  S.  A. 


ELECTRON  TUBE 
MACHINERY 
OF  ALL  TYPES 
STANDARD 
AND  SPECIAL 
DESIGN 


WE  manufacture  a  complete  line  of  equipment 

SPOT  WKLDEBa,  alactrlo  fiom  H  to  SO  KVA  An  Ann 

TBANBFOaiCBBS.  apadal  and  atudard  types 
INCANOMCENT  IJLMP  manufacturlnf  aqulpment  WELDEB8 
FLUOUSCENT  TUBE  MAKINQ  EQUIPMENT  from  100  to 

ELBCTBOWC  BQUIPfefENT.  racuam  pumpa.  etc.  400  Ampa 

WRa  glass  slicing  and  cutting  maeliinas  for  laboratory  uaa 
GENERAL  GLASS  working  mncblnra  and  bomers 
COLLEGE  GLASS  working  unlu  for  atudcnts  and  laboratory 
FI8LER  ENGINEERING  CO 

731  13th  a*  InAAr  Aunn  Au  >  ilAuirl.  U.u/  l.r 


IV»  $p9cla/it0  in 
Equipmnnf  and  Maihods 
for  tha  tdanafactura  of 

RADIO  TURKS 
CATHODE  RAY  TURKS 
FLUORKSCKNT  LAMPS 
INCANDESCENT  LAMPS 
NEON  TURKS 
PHOTO  CKIXS 
X-RAY  TURKS 
CLASS  PRODUCTS 

Production  or  Laboratory  Bath 

aaaaaaaaaaaaaaadfeaaaaaaaaaaaaaaaaaa 

ICoMeWNGINEERING  CO. 

1309  SEVENTH  STREET 
NORTH  RRR6EN,  N.  J..  U.  S.  A. 


One 

inexpensive 

modern 
device . . . 


can  frequently  help  speed  up 
operation  and  maintenance 
or  production. 

One  product  advertised  in  the 
“Contacts’*  Section  may  be 
the  answer  to  your  problem 
...  a  real  money-saver. 

To  be  informed — and  re¬ 
minded — on  modern  aids  to 
economical  operation,  main¬ 
tenance  and  production, 
check  “Contacts’*  advertising 
regularly  .  .  .  every  issue. 
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may  be  right  but  says  it  is  his 
opinion  that  we  are  wrong,  and  in¬ 
dicates  that  the  burden  of  proof  is 
on  us. 

We  would  like  to  make  it  clear 
that  we  have  no  axe  to  grind  in  this 
connection.  We  have  devoted  a 
good  portjon  of  twenty  years  to  the 
study  of  problems  related  to  music 
reproduction.  We  have  conducted 
listening  tests  with  thousands  of 
observers.  The  principles  on  which 
our  basic  suggestion  is  developed 
do  not  represent  an  innovation,  but 
merely  a  method  of  accomplishing 
a  well  known  effect  automatically. 
It  is  our  experience  that  most  com¬ 
petent  and  critical  observers  pre¬ 
fer  a  slightly  rising  bass  and  treble 
characteristic  for  music  reproduc¬ 
tion  at  low  intensity  levels.  If  as  a 
result  of  extensive  personal  listen¬ 
ing  pnder  controlled  conditions  Mr. 
Lamport  doesn’t  like  this,  we  have 
no  quarrel  with  his  individual  taste. 

At  the  end  of  his  letter  he  says, 
“the  better  the  receiver,  the  louder 
it  can  be  played  with  enjoyment 
until,  I  expect,  the  same  intensity 
as  the  original  sound  will  be  the  cus¬ 
tomary  one  and  the  problem  con¬ 
sidered  by  Goodell  and  Michel  will 
have  disappeared.”  The  first  half 
of  this  statement  is  entirely  correct. 
We  submit  that  anyone  who  oper¬ 
ates  equipment  so  as  to  produce 
sound  intensity  comparable  to  a 
S5rmphony  orchestra  in  his  living 
room  is  probably  either  deaf  or  try¬ 
ing  to  break  a  lease.  .  .  . 

...  we  believe  no  listening  tests 
comparing  two  reproducing  instru¬ 
ments  have  any  validity  in  deter¬ 
mining  the  desirability  of  faithful 
reproduction.  The  comparison  must 
be  made  between  reproduced  and 
live  music  . . .  The  task  of  the  engi¬ 
neer  designing  reproducing  devices 
should  be  confined  to  reproducing 
for  the  listener  the  same  subjective 
experience  that  he  has  when  observ¬ 
ing  the  original  signal. 

John  D.  Goodell 

Chief  Engineer 

The  Minnesota  Electronics  Corp. 

8t.  Paul,  Minnesota 


This  department  is  oper¬ 
ated  as  an  open  forum 
where  our  readers  may 
discuss  prohlems  of  the 
electronics  industry  or 
comment  upon  articles 
which  ELECTRONICS 
has  published. 


More  on  Hearing 

Gentlemen: 

It  has  pleased  us  a  great  deal 
that  our  article  titled  “Auditory 
Perception”  in  the  July  1946  issue 
of  Electronics  aroused  so  much 
interest  and  response.  With  the  ex¬ 
ception  of  the  opening  paragraph 
in  Mr.  Lamport’s  letter  (p  264,  Jan¬ 
uary  1947),  which  in  view  of  later 
temporizing  appears  overstated, 
we  found  his  critical  comments  in¬ 
teresting.  The  subject  is  controver¬ 
sial  and  will  always  remain  so  to 
the  extent  that  it  is  related  to  the 
enjo5nnent  of  music,  hence  to  the 
widely  varying  concepts,  educa¬ 
tional  backgrounds  and  opinions 
that  enter  into  any  evaluation  of 
what  is  desirable  in  any  form  of 
artistic  expression. 

Mr.  Lamport  says  that  we  “do 
not  really  accept  the  human  ear  as 
the  basic  perceptor  of  sound — ^but 
rather  regard  it  as  an  imperfect  in¬ 
strument  for  which  the  good  radio 
engineer  should  compensate.”  This 
is  not  entirely  accurate.  The  effect 
known  as  “scale  distortion”  occurs 
when  the  reproduction  is  not  at  the 
same  intensity  as  the  original 
sound. 

Distortion  may  be  defined  as  any 
change  between  the  original  signal 
and  the  reproduction.  It  is  our  con¬ 
cept  that  the  final  subjective  expe¬ 
rience  of  the  listener  is  the  criter¬ 
ion  of  correct  design.  It  is  the  brain 
that  must  be  satisfied,  not  the  ear. 

Mr.  Lamport  describes  a  condi¬ 
tion  which  he  believes  would  result 
in  perfect  reproduction,  “provided 
the  volume  was  -adjusted  to  the  Construction  permits  have  been 
same  intensity.  If  he  turns  the  vol-  granted  to  Winfield  Morton  by  the 
ume  lower,  he  will  hear  a  different  FCC  for  temporary  provisional  f-m 
rendition.”  Obviously  there  is  com-  radiotelephone  links  between  Santa 
plete  agreement  on  the  phenomena  Fe  and  Abiquiu,  New  Mexico,  using 
under  consideration.  The  difference  250  watts  on  39.54  me.  Abiquiu  is 
is  that  we  believe  compensation  for  in  an  isolated  ranch  area  with  700 
the  effect  is  desirable.  Mr.  Lamport  population,  without  telephone  con- 
does  not  agree.  He  admits  that  we  tact. 
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4  PRECISION  INSTRUMENTS  IN  ONE 


VHF  Voltmeter...  Measures  voltages 
from  0.1  to  300  volts  at  frequencies 
from  20  cps  to  700  me.  Frequency 
response  flat  within  1  db  over  entire 
range.  Extremely  low  input  capacity 
—  approximately  1.3  uuf  —  and  very 
high  shunt  resistance  means  most 
circuits  can  be  measured  without  de¬ 
tuning  or  loading.  Is  a  convenient 
voltage  indicator  up  to  3000  me. 

^udio  Frequency  Voltmeter... 

Measures  voltages  from  upper  limits 
of  audio  spectrum  down  to  10  cps. 
6  ranges  full  scale:  1,  3,  10,  30,  100 
and  300  volts.  Effective  input  resist¬ 
ance  is  10  megohms.  Accuracy  is 
within  ±3%  on  sinusoidal  voltages. 

D-C  Voltmeter  ...Measures  voltages 
from  1  to  1000  volts  —  full  scale 
sensitivity — in  7  ranges.  The  input 
resistance  on  all  ranges  is  100  meg¬ 
ohms,  so  circuits  under  test  are  never 
appreciably  loaded,  and  accurate 


readings  can  be  obtained  even  on 
circuits  of  high  impedance.  Polarity 
reversing  switch  saves  time. 

Ohmmeter  . . .  Measures  resistances 
from  0.2  ohms  to  500  megohms  in  7 
ranges;  with  mid-scale  readings. of 
10,  100,  1000,  10,000,  100,000  ohms, 
1  and  10  megohms. 

Check  These  Added  Advantages 

...Small  diode  a-c  voltage  probe 
reaches  inaccessible  components. 
Probe  capacity  is  approximately  1.3 
uuf.  Removable  probe  head  provides 


short,  direct  connection  to  diode, 
makes  possible  uhf  response,  and 
facilitates  use  of  adapting  connectors 
in  making  special  or  uhf  measure¬ 
ments.  Rugged  1-mil  meter  has  knife- 
edge  pointer,  5-  easy-to-read  scales, 
and  cannot  be  damaged  by  accidental 
overload.  Two  convenient  switches 
select  27  measurement  conditions. 
Specially-designed  circuit  minimizes 
drift  caused  by  line- voltage  variations, 
warmups,  and  tube  changes.  Constant 
readjustment  is  not  necessary. 

This  -bp-  4 10 A  Vacuum  Tube  Volt¬ 
meter  is  the  ideal  general-purpose 
instrument  for  important  measure¬ 
ments  in  the  development,  manufac¬ 
ture,  or  servicing  of  radio  equipment. 
For  full  details  and  shipping  informa¬ 
tion,  write  or  wire  to^y.  Hewlett- 
Packard  Company,  1381A  Page  Mill 
Road,  Palo  Alto,  California. 


Noise  and  Disfortion  Analyzers  Wove  Analyznrs  Frequency  Meters 

Audio  Frequency  Otcillators  Audio  Signal  Generotors  Vacuum  Tube  Voltmutors 

Amplifiers  Power  Supplies  UHF  Signal  Generators  Attenuators 

Square  Wave  Generotors  Frequency  Standards  Electronic  Tachometers 
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